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Title: sugar alcohol derivatives, a process for preparing 

3-deoxy-2-octulo sonic acid and 3-deoxy-2-heptulosonic 
acid compounds and derivatives 

This invention relates to novel derivatives of sugar 
alcohols, such as, in particular, D-mannitol and D-arabinitol, 
and to processes for preparing 3-deoxy-2-octulosonic acid and 
3-deoxy-2-heptulosonic acid compounds and derivatives, such 
5 as, in particular, 3-deoxy-D-manno-2-octulosonic acid and 3- 
deoxy-D-arabino-2-heptulosonic acid compounds and derivatives. 

In one particular aspect, this invention relates to a 
process for preparing 3-deoxy-D-manno-2-octulosonic acid of 
formula 1, or an salt or ester thereof, which comprises 
10 reacting a D-mannitol derivative with the anion of a dithio- 
acetal compound of a glyoxylic acid ester, then removing the 
dithioacetal group and hydroxy-protecting groups and, if 
desired, converting the resulting ester into the free acid, a 
salt or another ester of 3-deoxy-D-manno-2-octulosonic acid. 
15 Such a process is known from an article by Imoto et al. 

in Tetrahedron Letters, 23., 6235 (1987) . The crucial step of 
the process described therein for preparing 3-deoxy-D-manno-2- 
octulosonic acid of formula 1, which compound is known as KDO, 
is shown in the right-hand part of reaction scheme A of the 
20 sheet of formulae and consists in a nucleophilic displacement 
of a triflate group (i.e., a trifluoromethanesulfonyloxy 
group) at C-l of the D-mannitol derivative 1-O-trif luoro- 
methylsulfonyl-4-0-acetyl-2, 3 :5, 6-di-O-isopropylidene-D- 
mannitol (formula 4) by the anion of the methylglyoxylate 
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dithioacetal compound of formula 5. After removal of the 
hydroxy-protecting acetyl group and of the used dithioacetal 
group the methyl ester of 4, 5 : 7, 8-di-0-isopropylidene-3-deoxy- 
D-manno-2-octulosonic acid is obtained by this known process 
S in a yield of 42%, calculated on the methylglyoxylate dithio- 
acetal compound of formula 5. 

As compared with many of the earlier proposed processes 
for preparing KDO via an aldol- or Wittig-type reaction, this 
known preparation method on the basis of a nucleophilic 
10 substitution reaction has the significant advantage that only 
the required D-manao configuration is formed and not also the 
undesirable D-gluco configuration. The process, however, also 
has significant drawbacks, including, more in particular, the 
fact that the starting compounds are rather difficult to 
15 obtain. The D-mannitol derivative of formula 4 must be 

prepared from 2, 3 : 5, 6-di-O-isopropylidene-D-mannitol by first 
temporarily protecting the primary hydroxy group at C-l with a 
2,2,2-trichloroethoxycarbonyl group (Troc) , then acetylating 
the hydroxy group at C-4, subsequently removing again the 
20 temporary hydroxy-protecting Troc group at C-l and finally 
fluoromethanesulfonylating the released hydroxy group. For 
production on a larger scale such a laborious synthesis means 
a serious drawback. The methylglyoxylate dithioacetal compound 
of formula 5 to be converted with the thus prepared D-mannitol 
25 derivative must be prepared from glyoxylic acid and the rather 
eccentric compound 1, 2-dimethyl- 4f 5-bis (mercaptomethyl) 
benzene. 
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The present invention provides a process with which the 
above drawbacks can be removed without having to accept again 
the simultaneous formation of the D-gluco configuration. In 
addition, the present invention provides a new and versatile 
5 intermediate compound. 

The process according to the invention is characterized 
by using as the D-mannitol derivative 1,4 cyclic sulfate of 
D-mannitol with protected 2-, 3-, 5- and 6-hydroxy groups. 
According to the invention it is specifically preferred that 
10 the D-mannitol derivative used is the 1,4 cyclic sulfate of 
2, 3:5, 6-di-O-isopropylidene-D-mannitol of formula 2. The new 
and versatile intermediate of the invention is a 1,4 cyclic 
. sulfate of D-mannitol with protected 2-, 3-, 5- and 6-hydroxy 
groups . 

15 The invention is also applicable to other sugar alcohols, 

however, and comprises more broadly a 1,4 cyclic sulfate of a 
sugar alcohol having protected hydroxy groups. Examples of 
such other sugar alcohols are the pentitols arabinitol, 
xylitol, lyxitol and ribitol, and the hexitols gulitol, 

20 glucitol, iditol, galactitol, talitol, altritol and allitol. 

In addition to 1,4 cyclic sulfate of mannitol having protected 
2-, 3-, 5- and 6-hydroxy groups, the 1,4 cyclic sulfate of 
arabinitol having protected 2-, 3- and 5-hydroxy groups is 
also a preferred compound according to the invention. It is 

25 specifically preferred that the D-arabinitol derivative is the 
1,4 cyclic sulfate of 2, 3, 5-tri-O-benzyl-D-arabinitol of 
f ormula 27 . 
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As regards the other react ant, it is preferred according 
to the invention that the sugar alcohol derivative is reacted 
with the anion of a dithioacetal compound of a (C1-C4) alkyl or 
benzyl ester of glyoxylic acid. Very suitable esters are, 
5 e.g., the methyl, ethyl and benzyl ester. 

A special preferred embodiment of the process according 
to the invention is characterized in that the sugar alcohol 
derivative is reacted with the anion of a l,3-dithiane-2- 
carboxylic acid ester, preferably with the anion of ethyl 1,3- 

10 . dithiane-2-carboxylate of formula 3 . 

The invention, a concrete preferred embodiment of which 
is shown in the left-hand part of reaction scheme A, is based 
to a very substantial degree on the realisation of a new type 
of compound, which compound due to its special properties is 

15 eminently suited for use as an intermediate in a large-scale 

process for preparing compounds like the. important KDO and, as 
will be explained hereinafter in more detail, for preparing 
several interesting KDO derivatives . This new type of compound 
is a 1,4 cyclic sulfate of a sugar alcohol like D-mannitol 

20 with protected hydroxy groups, such as protected 2-, 3-, 5- 
and 6-hydroxy groups in the case of a hexitol and protected 
2-, 3- and 5-hydroxy groups in the case of a pentitol, the 1,4 
cyclic sulfate of 2, 3 : 5, 6-di-O-isopropylidene-D-mannitol of 
formula 2 and the 1,4 cyclic sulfate of 2, 3, 5-tri-O-benzyl-D- 

25 arabinitol representing preferred embodiments. 

It is true that cyclic sulfate derivatives of carbo- 
hydrates have been described before, including their utility 
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as reactants in a nucleophilic displacement reaction, but 
these were only vicinal cyclic sulfates . In this connection 
reference may be made to articles by Tewson, J. Org. Chem. £&, 
3507 (1983); Tewson and Soderlind, Carbohydr. Chem. A, 529 
5 (1985); Gao and Sharpless, J. Am. Chem. Soc. Ilfl, 7538 (1988); 
Kim and Sharpless, Tetrahedron Lett. 2& 655 (1989); and Gao 
and Sharpless, Tetrahedron Lett. 1&, 2623 (1989). The 
possibility of preparing non-vicinal cyclic sulfates of 
carbohydrates, such as a 1,4 cyclic sulfate of D-mannitol or 
10 of a D-mannitol derivative, or a 1,4 cyclic sulfate of 

D-arabinitol or of a D-arabinitol derivative, could not be 
derived from the literature. 

Besides, the present invention is based not only on the 
surprising discovery that such 1,4 cyclic sulfates can be 
15 made, but also on the surprising established fact that they 
allow a very selective displacement reaction by means of a 
nucleophilic agent at C-l. In the reaction with a nucleophilic 
agent the sulfate ring is opened, with the sulfate group 
selectively remaining at C-4 and the nucleophilic agent being 
20 bound to C-l. Such a high reaction selectivity of 1,4 cyclic 
sulfates of carbohydrates could of course not be taken from 
the literature either. 

An important advantage of 1,4 cyclic sulfates of sugar 
alcohols with protected hydroxy groups, such as 1,4 cyclic 
25 sulfate of 2 , 3 : 5, 6-di-O-isopropylidene-D-mannitol of formula 
2, is that they can be very easily prepared in high yield. 
Although other preparation methods are also eligible, it is 
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preferred according to the invention that 1,4 cyclic sulfate 
of D-mannitol with protected 2-, 3-, 5- and 6-hydroxy groups 
is prepared by reacting D-mannitol, the 2-, 3-, 5- and 6- 
hydroxy groups of which are protected, with thionyl chloride 
5 in the presence of an acid-binding agent and oxidizing the 
resulting 1, 4 cyclic sulfite to the corresponding 1, 4 cyclic 
sulfate. Thus the invention more in particularly also provides 
a process for preparing a 2, 3 :5, 6-di-O-isopropylidene-D- 
mannitol derivative, which process is characterized in that 
10 1,4 cyclic sulfate of 2, 3:5, 6-di-O-isopropylidene-D-mannitol 
of formula 2 is prepared by reacting 2, 3 :5, 6-di-O- 
isopropylidene-D-mannitol with thionyl chloride in the 
presence of an acid-binding agent and oxidizing the resulting 
1,4 cyclic sulfite to the corresponding 1,4 cyclic sulfate. 
15 This process is schematically shown in reaction scheme B on 
the sheet of formulae. The same process may be used for the 
preparation of the 1,4 cyclic sulfate of other sugar alcohols 
having protected hydroxy groups, such as the 1,4 cyclic 
sulfate of D-arabinitol having protected 2-, 3- and 5-hydroxy 
20 groups. Therefore, in a broad sense, the invention provides a 
process for preparing a 1,4 cyclic sulfate of a sugar alcohol 
having protected hydroxy groups, in which a sugar alcohol 
having free 1- and 4-hydroxy groups, its remaining hydroxy 
groups being protected, is reacted with thionyl chloride in 
25 the presence of an acid binding agent and the resulting 1,4 
cyclic sulfite is oxidized to the corresponding 1,4 cyclic 
sulfate. 
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This process admits that the first reactant required for 
the nucleophilic displacement reaction is immediately prepared 
in two steps from an easily accessible sugar alcohol having 
its hydroxy groups protected except at carbon atoms 1 and 4, 
5 such as D-mannitol with protected 2-, 3-, 5- and 6-hydroxy 
groups and D-arabinitol with protected 2-, 3- and 5-hydroxy~ 
groups, without a necessity of time-consuming and yield- 
reducing reactions for protecting the hydroxy group at C-4 and 
(temporarily) the hydroxy group at C-l. Such an easily 

10 accessible D-mannitol with protected 2-, 3-, 5- and 6-hydroxy . 
groups is f e.g., 2, 3 :5, 6-di-O-isopropylidene-D-mannitol, which 
can be obtained in high yield by reduction of 2, 3 : 5, 6-di-O- 
isopropylidene-D-mannose with NaBH 4 (Austin et al., J. Chem. 
Soc. 2128 (1964) . Another example of an easily accessible 

15 sugar alcohol having protected hydroxy groups at the correct 
places is 2, 3 f 5-tri-O-benzyl-D-arabinitol of formula 25, which 
compound can be made from D-arabinose by transforming same 
under Fischer conditions to methyl a (P) -D-arabincf urancside, 
benzylating this compound to obtain the compound of formula 24 

20 as a mixture of anomers, followed by acetolysis and finally 

reduction with sodium borohydride. This procedure and the next 
steps to be carried out to obtain the 1,4 cyclic sulfate are 
depicted schematically in reaction scheme J. 

In a first step of the above-described process for 

25 preparing a 1,4 cyclic sulfate of, e.g., 2, 3 : 5, 6-di-O- 

isopropylidene-D-mannitol a 1, 4 cyclic sulfite is formed by 
reacting the 2, 3 : 5, 6-di-O-isopropylidene-D-mannitol with 
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thionyl chloride in the present of an acid-binding agent. To 
this end, the thionyl chloride is preferably added dropwise to 
a cooled (preferably below 0°C, such as -15°C) solution (e.g., 
in a solvent, such as methylene dichloride) containing a 
5 suitable acid-binding agent (e.g., triethylamine) . A direct 
conversion of 2, 3:5, 6-di-O-isopropylidene-D-mannitol into the 
1,4 cyclic sulfate by treatment with sulfuryl chloride fails 
owing to a tetrahydrofuran derivative being formed. 

In a second step the 1,4 cyclic sulfite obtained in the 

10 first step is oxidized to the corresponding 1,4 cyclic 

sulfate, preferably after work-up and purification. For this 
purpose the catalytic RUO4 system described by Gao and 
Sharpless in J. Am. Chem. Soc. 110 - 7538 (1988) can be used 
(i.e. treatment with NaI04 and RUCI3, e.g., in a mixture of 

15 methylene dichloride, acetonitrile and water) . 

The second reactant of the process according to the 
invention for preparing a 3-deoxy-2-octulosonic acid compound 
or a 3-deoxy-2-heptulosonic acid, compound, such as 3-deoxy-D- 
manno-2-octulosonic acid (formula 1), consists of the anion of 

20 a dithioacetal compound of a glyoxylic acid ester. For this 

purpose, e.g., the anion of the. methyl glyoxylate dithioacetal 
compound of formula 5 as used by Imoto et al. can be selected 
[the anion is formed in situ by treatment with butyl lithium 
in the presence of hexamethylphosphortriamide (HMPA) ] , but 

25 according to a preferred embodiment of the invention the anion 
of a 1, 3-dithiane-2-carboxylic acid ester is used, e.g., 
methyl, ethyl or benzyl 1, 3-dithiane-2-carboxylate. This type 
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of dithioacetal compound of glyoxylic acid esters can be 
easily prepared by conversion of diethoxyacetic acid ester 
with propane-l,3-dithiol (Eliel and Hartmann, J. Org. Chem. 
21, 505 (1972)). This conversion is schematically shown in 
5 reaction scheme C on the sheet of formulae. 

As appears from reaction scheme D, an intermediate 
product (formula 11) carrying a sulfate group to be removed is 
obtained in the conversion of the anion of a 1, 3-dithiane-2- 
carboxylic acid ester (formula 8) with the 1,4 cyclic sulfate 

10 of 2, 3 :5, 6-di-O-isopropylidene-D-mannitol of formula 2. After 
hydrolysis of the sulfate group (by adding a sulphuric acid 
solution, as described by Kim and Sharpless, Tetrahedron 
Letters 655 (1989) ) the resulting intermediate product of 

formula 12 can be liberated (preferably after work-up and 

15 purification) from the dithioacetal group by treatment with N- 
bromosuccinimide (NBS) , e.g., in a mixture of acetone and 
water, whereby the KDO derivative of formula 13 is obtained. 
Removal of the two hydroxy-protecting isopropylidene groups 
can be realized by acidolysis with a mixture of acetic acid 

20 and water. 

The resulting ester can be converted to the free acid by 
known per se methods (by basic hydrolysis) r to salts thereof 
(especially alkali metal and ammonium salts) or to another 
ester (as far as the desired ester group is not already 

25 present in the starting material of formula 8) . 

From the thus obtained KDO there can be prepared 
interesting derivatives of KDO, such as the a-ketopyranosyl 
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fluoride (see Imoto et al., Tetrahedron Lett. 2SL, 6277 , 
1987) , 1987) and the KDO glycal of formula 17, in which R and 
r!-R 4 represent hydrogen atoms (see Norbeck et al., J. Org. 
Cheiru 52, 2174, 1987) . Furthermore the 2-thio-a-glycoside of 
5 formula 16 interesting as glycosyl donor, in which R and R x -R 4 
represent hydrogen atoms, could be prepared from the KDO by 
using the two-step procedure as described by Marra and Sinay, 
Carbohydr. Res. 195 . 303, 1990, for the synthesis of a 2- 
thioglycoside of N-acetylneuraminic ester. 
10 The present invention, however, surprisingly gives the 

possibility of directly preparing several of these interesting 
KDO derivatives, i.e. without first having to synthesize the 
KDO itself. 

Thus the invention also comprises a process for preparing 
15 a 3-deoxy-D-manno-2-octulosonic acid derivative of formula 23, 
or an acid or ester thereof, in which R is a hydrogen atom, an 
ester group or a kation, R x -R 4 independently of each other 
stand for hydrogen atoms or hydroxy-protecting groups, and R 6 
is an alkyl group having 1-6 carbon atoms, a phenyl group or a 
20 benzyl group, which process is characterized in that a 1,4 

cyclic sulfate of D-mannitol with protected 2-, 3-, 5- and 6- 
hydroxy groups is reacted with the anion of a glyoxylic acid 
ester dithioacetal compound of formula 21, in which R is an 
ester group and R 6 an alkyl group having 1-6 carbon atoms, a 
25 phenyl group or a benzyl group, to form a compound of formula 
22, in which R and R 6 have the above meanings and R x -R 4 are 
hydroxy protecting groups, which compound of formula 22 is 
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cyclized using iodonium ions to form a. compound of formula 23, 
optionally removing the hydroxy protecting groups or replacing 
them by other hydroxy protecting groups and optionally 
converting the resulting ester into the free acid, a salt or 
5 another ester. 

A preferred embodiment of this process is characterized 
in that the 1,4 cyclic sulfate of 2,3:5, 6-di-O-isopropylidene- 
D-mannitol of formula 2 is reacted with a glyoxylic acid ester 
dithioacetal compound of formula 14, in which R is an ester 

10 group, to form a compound of formula 15 which is cyclized by 
means of N-iodosuccinimide to form a compound of formula 16, 
in which r!+R 2 and R 3 +R 4 are hydroxy-protecting isopropylidene 
groups and R is an ester group, and optionally removing the 
hydroxy-protecting groups or replacing them by other hydroxy- 

15 protecting groups and optionally converting the resulting 
ester into the free acid, a salt or another ester. This 
preferred embodiment of the invention is shown in reaction 
schemes E and F. 

Furthermore, the invention also comprises a process for 

20 preparing a 2, 6-anhydro-2,3-dideoxy-D-manno-2-octenoic acid 

compound of formula 17, or a salt or ester thereof, in which R 
is a hydrogen atom, an ester group or a cation and R x -R 4 
independently of each other stand for hydrogen atoms or 
hydroxy-protecting groups, which process is characterized 

25 according to the invention in that a 1,4 cyclic sulfate of D- 
mannitol with protected 2-, 3-, 5- and 6-hydroxy groups is 
reacted with the anion of a glyoxylic acid ester dithioacetal 
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compound of formula 21 in which R is an ester group and R 6 an 
alkyl group having 1-6 carbon atoms, a phenyl group or a 
benzyl group, to form a compound of formula 22, in which R and 
R 6 have the above meanings and R x -R 4 are hydroxy-protecting 
5 groups, cyclizing this compound of formula 22 using iodonium 
ions to form a compound of formula 17, optionally removing the 
hydroxy-protecting groups or replacing them by other hydroxy- 
protecting groups and optionally converting the resulting 
ester into the free acid, a salt or another ester. 

10 A preferred embodiment of this process is characterized 

in that the 1,4 cyclic sulfate of 2,3 :5, 6-di-O-isopropylidene- 
D-mannitol of formula 2 is reacted with a glyoxylic acid ester 
dithioacetal compound of formula 14, in which R is an ester 
group, to form a compound of formula 15 which is cyclized by 

15 means of iodonium sym-dicollidin^ perchlorate to a compound of 
formula 17, in which R x +R 2 and R 3 +R 4 are hydroxy-protecting 
isopropylidene groups and R is an ester group, optionally 
removing the hydroxy-protecting groups or replacing them by 
other hydroxy-protecting groups and optionally converting the 

20 resulting ester into the free acid, a salt or another ester. 
This preferred process is shown in reaction schemes E and G. 

In a broader sense, however, the invention provides a 
process for preparing a 3-deoxy-2-octulosonic acid compound or 
a 3-deoxy-2-heptulosonic acid compound having protected or 

25 unprotected hydroxy groups, or a salt or ester thereof, which 
comprises reacting either a 1,4 cyclic sulfate of a hexitol 
having protected 2-, 3-, 5- and 6-hydroxy groups or a 1,4 
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cyclic sulfate of a pentitol having protected 2-, 3- and 5- 
hydroxy groups, with the anion of a dithioacetal compound of a 
glyoxylic acid ester, hydrolysing the sulfate group, removing 
the dithioacetal group, optionally removing the hydroxy 
5 protecting groups and optionally converting the resulting 
ester into the free acid, a salt or another ester of the 
3-deoxy-2-octulosonic acid or 3-deoxy-2-heptulosonic acid 
'compound . 

A further example of such a process is constituted by a 
10 process for preparing a 3-deoxy-D-arabino-2-heptulosonic acid 
compound of formula 39 having protected or unprotected hydroxy 
groups, or a salt or ester thereof, which comprises reacting a 
1,4 cyclic sulfate of a D-arabinitol having protected 2-, 3- 
and 5-hydroxy groups with the anion of a dithioacetal compound 
15 of a glyoxylic acid ester, hydrolysing the sulfate group, 
removing the dithioacetal group, optionally removing the 
hydroxy protecting groups and optionally converting the 
resulting ester into the free acid, a salt or another ester of 
the 3-deoxy-D-arabino-2-heptulosonic acid compound. It is 
20 preferred that 1,4 cyclic sulfate of 2, 3, 5-tri-O-benzyl-D- 

arabinitol of formula 27 is used as the 1,4 cyclic sulfate of 
a D-arabinitol having protected 2-, 3- and 5-hydroxy groups. 
This reaction is depicted schematically in reaction scheme K. 
In a broad sense, the invention also provides a process 
25 for preparing a 3-deoxy-2-thio-2-octulosonic acid derivative 
or a 3-deoxy-2-thio-2-heptulosonic acid derivative, or a salt 
or ester thereof, in which derivative the hydroxy group 
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attached to the carbon atom at position 2 is replaced by a 
thio group -SR6, wh erein R* is an alkyl group having 1-6 carbon 
atoms, a phenyl group or a benzyl group, in which process 
either a 1,4 cyclic sulfate of a D-hexitol having protected 
5 2-, 3-, 5- and 6-hydroxy groups or a 1, 4 cyclic sulfate of a 
D-pentitol having protected 2-, 3- and 5-hydroxy groups, is 
reacted with the anion of a glyoxylic acid ester dithioacetal 
compound of formula 21, in which R is an ester group and R* an 
alkyl group having 1-6 carbon atoms, a phenyl group or a 
10 benzyl group, to form, after hydrolysis of the sulfate group, 
either a 3-deoxy-octulonate dithioacetal compound having 
protected 4-, 5-, 7- and 8-hydroxy groups, or a 3-deoxy- 
heptulonate dithioacetal compound having protected 4-, 5- and 
7-hydroxy groups, which compound is cyclized using iodonium 
15 ions to form a 3-deoxy-2-thio-2-octulosonic acid ester having 
protected hydroxy groups or a 3-deoxy-2-thio-2-heptulosonic 
acid ester having protected hydroxy groups, optionally 
removing the hydroxy protecting groups or replacing them by 
other hydroxy protecting groups and optionally converting the 
20 resulting ester into the free acid, a salt or another ester. 

A further process comprised by this invention is in more 
•general terms a process for preparing a 2, 6-anhydro-2, 3- 
dideoxy-2-octenoate compound or a 2, 6-anhydro-2, 3-dideoxy-2- 
heptenoate compound, or a salt or ester thereof, in which 
25 process either a 1,4 cyclic sulfate of a D-hexitol having 
protected 2-, 3-, 5- and 6-hydroxy groups or a 1,4 cyclic 
sulfate of a D-pentitol having protected 2-, 3- and 5-hydroxy 
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groups, is reacted with the anion of a glyoxylic acid ester 
dithioacetal compound of formula 21, in which R is an ester 
group and R 6 is an alkyl group having 1-6 carbon atoms, a 
phenyl group or a benzyl group, to form, after hydrolysis of 
5 the sulfate group, either a 3-deoxy-octulonate dithioacetal 
compound having protected 4-, 5-, 7- and 8-hydroxy groups, or"*a 
3-deoxy-heptulonate dithioacetal compound having protected 4-, 
5- and 7-hydroxy groups, which compound is cyclized using 
iodonium ions to form a 2, 6-anhydro-2, 3-dideoxy-2-octenoate 

10 ester having protected hydroxy groups or a 2, 6-anhydro-2, 3- 
dideoxy-2-heptenoate ester having protected hydroxy groups, 
optionally removing the hydroxy protecting groups or replacing 
them by other hydroxy protecting groups and optionally 
converting the resulting ester into the free acid, a salt or 

15 another ester. 1 

In general terms, the invention also provides a process 
for preparing a 2-deoxy-heptopyranose compound or a 2-deoxy- 
hexopyranose compound, which process comprises reacting either 
a 1,4 cyclic sulfate of a D-hexitol having protected 2-, 3-, 

20 5- and 6-hydroxy groups or a 1,4 cyclic sulfate of a D- 

pentitol having protected 2-, 3- and 5-hydroxy groups, with 
the anion of a bis (hydrocarbylthio) methane compound, in 
which the hydrocarbyl group is an alkyl group having 1-6 
carbon atoms , a phenyl group or a benzyl group, to form, after 

25 hydrolysis of the sulfate group, either a 2-deoxy-heptose bis 
(hydrocarbylthio) acetal compound having protected 3-,4-,6- 
and 7-hydroxy groups, or a 2-deoxy-hexose bis "(hydrocarbyl- 
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thio) acetal compound having protected 3-, 4- and 6-hydroxy 
groups, followed by removal of the dithioacetal group to form 
a 2-deoxy-heptopyranose compound having protected 3-, 4-, 6- and 
7-hydroxy groups or a 2-deoxy-hexopyranose compound having 
5 protected 3-, 4- and 6-hydroxy groups, and optionally removing 
the hydroxy protecting groups or replacing them by other 
hydroxy protecting groups. 

As a more specific example of such a process the 
invention provides a process for preparing a 2-deoxy-a/j5-D- 

10 arabino-hexopyranose compound, which process comprises 
reacting a 1,4 cyclic sulfate of a D-arabinitol having 
protected 2-, 3- and 5-hydroxy groups, with the anion of a bis 
(hydro carbyl thio) methane compound, in which the hydrocarbyl 
group is an alkyl group having 1-6 carbon atoms, a phenyl 

15 group or a benzyl group, to form, after hydrolysis of the 

sulfate group, a 2-deoxy-D-arabino-hexose bis (hydrocarbyl- 
thio) acetal compound having protected 3-, 4- and 6-hydroxy 
groups, followed by removal of the dithioacetal group to form 
a 2-deoxy-a/p-D-arabino-hexopyranose compound having protected 

20 3-, 4- and 6-hydroxy groups, and optionally removing the 

hydroxy protecting groups or replacing them by other hydroxy 
protecting groups. In a preferred embodiment, this process for 
preparing a 2-deoxy-cc/p-D-arabino-hexopyranose compound 
comprises reacting 1,4 cyclic sulfate of 2,3, 5-tri-O-benzyl-D- 

25 arabinitol of formula 27 with the anion of bis (methylthio) 

methane to form, after hydrolysis of the sulfate group, 3,4,6- 
tri-0-benzyl-2-deoxy-D-arabino-hexose bis (methylthio) acetal 
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of formula 36, followed by removal of the dithioacetal group 
to form 3, 4, 6-tri-0-benzyl-2-deoxy-a/|J-D-arabino-hexopyranose 
of formula 40, and optionally removing the hydroxy protecting 
groups or replacing them by other hydroxy protecting groups. 
5 In general terms, the invention also provides a process 

for preparing a 2-deoxy-heptono-l, 5-lactone compound or a 2- 
deoxy-hexono-1, 5-lactone compound, which process comprises 
reacting either a 1,4 cyclic sulfate of a D-hexitol having 
protected 2-, 3-, 5- and 6-hydroxy groups or a 1,4 cyclic 

10 sulfate of a D-pentitol having protected 2-, 3- and 5-hydroxy 
groups, with the anion of a tris (hydrocarbylthio) methane 
compound, in which the hydrocarbyl group is an alkyl group 
having 1-6 carbon atoms, a phenyl group or a benzyl group, to 
form, after hydrolysis of the sulfate group, either a 2-deoxy- 

15 heptonic acid hydrocarbylthio orthoacetal compound having 

protected 3-, 4-, 6- and 7-hydroxy groups, or a 2-deoxy-hexonic 
acid hydrocarbylthio orthoacetal compound having protected 3-, 
4- and 6-hydroxy groups, followed by removal of the dithio- 
acetal group to form a 2-deoxy-heptono-l, 5-lactone compound 

20 having protected 3-, 4-, 6- and 7-hydroxy groups or a 2-deoxy- 
hexono-1, 5-lactone compound having protected 3-, 4- and 6- 
hydroxy groups, and optionally removing the hydroxy protecting 
groups or replacing them by other hydroxy protecting groups. 
A more specific example of such a process consists of a 

25 process for preparing a 2-deoxy-D-arabino-hexono-l, 5-lactohe 
compound, which process comprises reacting a 1,4 cyclic 
sulfate of a D-arabinitol having protected 2-, 3- and 5- 
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hydroxy groups, with the anion of a tris (hydrocarbylthio) 
methane compound, in which the hydrocarbyl group is an alkyl 
group having 1-6 carbon atoms, a phenyl group or a benzyl 
group, to farm, after hydrolysis of the sulfate group, a 2- 
5 deoxy-D-arabino-hexonic acid hydrocarbylthio orthoacetal 
compound having protected 3-, 4- and 6-hydroxy groups, 
followed by removal of the dithioacetal group to form a 2- 
deoxy-D-arabino-hexono-1, 5-lactone compound having protected 
3-, 4- and 6-hydroxy groups, and optionally removing the 

10 hydroxy protecting groups or replacing them by other hydroxy 
protecting groups. In a preferred embodiment, said process for 
preparing a 2-deoxy-D-arabino-hexono-l, 5-lactone compound 
comprises reacting 1,4 cyclic sulfate of 2, 3, 5-tri-O-benzyl-D- 
arabinitol of formula 27 with the anion of tris (methylthio) 

15 methane to form, after hydrolysis of the sulfate group, 3,4,6- 
tri-O-benzyl-2-deoxy-D-arabino-hexonic acid methylthio 
orthoacetal of formula 38, followed by removal of the 
dithioacetal group to form 3, 4, 6-tri-0-benzyl-2-deoxy-D- 
arabino-hexono-1, 5-lactone of formula 41, and optionally 

20 removing the hydroxy protecting groups or replacing them^by 
other hydroxy protecting groups. 

The compounds of formula 15 shown in reaction scheme E, 
such as methyl 3-deoxy-4, 5 :7, 8-di-O-isopropylidene-D-manno- 
octulonate diethyl dithioacetal, and more in general compounds 

25 of formula 22, i.e. 3-deoxy-octulonate dithioacetal compounds 
having protected 4-, 5-, 7- and 8-hydroxy groups, are novel 
compounds which are valuable as allround intermediate 
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products. Via a cyclisation of these compounds promoted by 
iodonium ions the KDO glycosyl donors of formula 16 (or more 
in general formula 23) and formula 17 can be obtained, as 
shown by reaction schemes F and G, respectively. Reaction 
5 schemes H and I show how to use these glycosyl donors of KDO. 
By glycosidation of a compound of formula 17, in which R is an 
ester group and R x -R 4 stand for hydroxy-protecting groups, such 
as isopropylidene and benzyl groups, with 3-benzyloxycarbonyl- 
amino-l-propanol of formula 18 (Z is a benzyloxycarbonyl 

10 group) in the presence of the in situ prepared thiophilic 

promoter phenylselenyl triphlate it is possible to obtain only 
the a-linked glycoside of formula 19, in whir.h R 5 is a -SePh 
group or a hydrogen atom (the -SePh group can be removed by 
treatment at elevated temperature with tributyl stagnate and 

15 azoisobutyronitrile in toluene) . By treating a compound of 
formula 16 with bromine and coupling the glycosyl bromide 
formed in situ with 3-benzyloxycarbonylamino-l-propanol of 
formula 18 in the presence of the insoluble halophilic 
promoter silver silicate aluminate it is possible to obtain 

20 the p-linked glycoside of formula 20 after purification on 
silica gel. 

Similarly, 3-deoxy-heptulonate dithioacetal compounds 
having protected 4-, 5- and 7 -hydroxy groups, such as the 
compounds of formulae 34, 36 and 38, are also potentially 
25 useful as intermediates and are comprised by the invention. 

The invention will now be elucidated by means of 
examples. The examples are only for the purpose of elucidation 
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and illustration of the invention/ so the invention is in no 
way limited by the examples. 

EXAMPLES 

5 Preparation 1 

Ethyl 1.3-dith iane-2-carboxvlate (formula 8, R— ethvl) 

A solution of 1, 3-propanedithiol (10.8 g, 100 mmol) and 
ethyl diethoxyacetate (17.6 g, 100 mmol) in dichloromethane 
(20 ml) was added dropwise to a refluxing solution of BF3 
10 etherate (28.2 g, 200 mmol) in dichloromethane (60 ml). After 
refluxing for half an hour the solution was washed with water 
(80 ml) , an aqueous solution of potassium carbonate (80 ml, 
20%) and twice with water (80 ml) . The organic layer was dried 
on MgS04 and evaporated. After distillation (95-97°C, 04 mm) 
15 the yield was 65%. 

X H NMR (CDCI3) : 1.30 (t, CH3) , 2.10 (m, SCH 2 £E2CH 2 S) , 2.60, 
3.42 (2xm, SCEo ) . 4.12 (s, CH) , 4.22 (q, 0CH 2 ) . 
13c{lH}NMR(CDCl 3 ) : 13.8 (CH 3 ) , 24.8 (CH 2 , SCH2£K2CH 2 S) , 25.7 
(2xCH 2f SCH ? ) , 39.8 (CH), 61.4 (CH 2 , ethyl), 169.5 (OO) . 

20 

Preparation 2 

Methvl 1.3-dithiane-2-carboxvlate (formula 8, R= methvl) 

Ethyl 1, 3-dithiane-2-carboxylate (192 mg, 1 mmol) was 
added to a solution of potassium tert. butylate (60 mg, 
25 0.5 mmol) in methanol (10 ml) . After stirring for 4 hours the 
solution was neutralized with Dowex 50W cation exchanger (100- 
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200 mesh, H+ form), filtered and evaporated. The yield was 
65%. 

1 H NMR (CDC1 3 ) : 2.10 (m, SCH 2 £H2CH 2 S) , 2.61, 3.41 (2xm, SCn^ ■ 
3.78 (s, OCH3) , 4.20 (s, CH) . 
5 1 3C{ 1 H}NMR(CDC1 3 ) : 24.8 (CH 2 , SCH 2 £E2CH 2 S) , 25.8 (2xCH 2 , SSB2) , 
39.6 (CH) , 52.4 (OCH3) , 170.0 (C=0) . 

Preparation 3 

Benzyl 1, 3-d1tti1ane-2-carboxviar.fi (formula b. r = hanaaJJ 
10 Ethyl l,3-dithiane-2-carboxylate (192 mg, 1 mmol) was 

added to a solution of potassium tert .butylate (60 mg, 0.5 
mmol) in benzyl alcohol (10 ml) . After stirring for 4 hours 
the solution was neutralized with Dowex 50W cation exchanger 
(100-200 mesh, H+ form), filtered and evaporated. The 
15 resulting oil was evaporated thrice with water and twice with 
toluene. The oil was brought on a silica gel column (3 gram), 
suspended in dichloromethane, and the column was eluted with 
dichloromethane . The right fractions were collected and 
evaporated. The compound was obtained as a solid in a yield of 
20 70%. 

Melting point: 77-78°C (abs . alcohol). 

*H NMR (CDCI3) : 2.10 <m, SCH 2 £fi 2 CH 2 S) , 2.60, 3.40 (2xm, SCH 2 1 . 
4.20 (s, CH), 5.20 (q, CH 2 benzyl), 7.20 (m, 5 arom H) 
"C^HlNMIKCDCls) : 24.8 (CH 2 , SCH 2 £H 2 CH 2 S ) , 25.1 (2xCRo J _SCH 2 > , 
25 39.6 (CH), 67.1 (CH 2 , CH 2 benzyl) , 128.0-128.5 (CH, arom 
benzyl), 169.7 (C=0) . 
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Preparation 4 

2.3:5, 6-di-isooroovlidene-D-mannitol (formula 9) 

2,3:5, 6-di-isopropylidene-D-manno-furanose (10 g, 
38.6 mmol) was dissolved in ethanol (200 ml). Sodium 
5 borohydride (1.46 g, 38.6 mmol) was added. After stirring for 
1 hour at room temperature TLC analysis (methanol/dichloro- 
methane, 3/97, v/v) showed that the reaction was complete. The 
pH was brought to 6 with acetic acid and the reaction mixture 
was evaporated to a small volume and incorporated in dichloro- 

10 methane (400 ml) , washed with an aqueous solution of ammonium 
chloride (75 ml, 20%), an aqueous solution of sodium 
bicarbonate (75 ml, 10%) and water (75 ml) . The organic layer 
was dried on magnesium sulfate and evaporated to a colourless 
oil (compound of formula 9) . The yield without purification 

15 was 95%. 1 

^C^HJNMR (CDCI3) : 25.3, 25.7, 27.2, 27.2 (4xCH 3 , isoprop.), 
61.1 (C6), 67.7 (CI), 70.8, 76.2, 76.4, 77.5 (C2, C3, C4 and 
C5), 108.8, 109.9 (2xC q , isoprop.) 

20 Example I 

2, 3; 5, 6-di-isopropvlidene-D-mannitol 1,4 cyclic sulfate 
(formula 2) 

To a solution of the compound of formula 9 (2.62 g, 
10 mmol) in dichlorome thane (30 ml) and triethylamine (5.6 ml, 
25 40 mmol, M~101, d=0.726) was dropped at -15°C a solution of 
thionyl chloride (1.09 ml, 15 mmol, M=119, d=1.63) in 
dichloromethane (2.5 ml) . After 15 minutes TLC analysis 
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(acetone/dichloromethane, 3/97 , v/v) showed that the reaction 
was complete. The reaction mixture was taken up in dichloro- 
methane (100 ml), washed with water (30 ml) and twice with an 
aqueous solution of sodium chloride (30 ml, saturated) . The 
5 organic layer was dried on magnesium sulfate and evaporated to 
an oil. The oil was brought on a silica gel (60 g) column, 
suspended in dichloromethane and the column was eluted with 
acetone/dichloromethane (0/1 to 3/97, v/v) . 

The light-coloured oil was dissolved in a mixture of 

10 dichloromethane (30 ml) and acetonitrile (30 ml) . To this was 
added water (45 ml), sodium periodate (4.28 g, M=214, 20 mmol) 
and RUCI3.XH2O (12 mg, 35-42% Ru) . After 45 minutes TLC 
analysis (acetone/dichloromethane, 3/97, v/v) showed that the 
reaction was complete. The reaction mixture was taken up in 

15 dichloromethane (100 ml), washed with an aqueous solution of 

sodium chloride (30 ml, saturated) , dried on magnesium sulfate 
and evaporated. The oil was brought on a silica gel (60 g) 
column, suspended in dichloromethane, and the column was 
eluted with acetone/dichloromethane (0/1 to 3/97, v/v) . The 

20 compound of formula 2 was obtained as a solid in a yield of 
85%. 

13c{lH}NMR(CDCl 3 ) : 24.7, 24.8, 26.5, 26.8 (4xCH 3 , isoprop.), 
66.2, 68.0 (CI and C6) , 72.9, 73.2, 73.8, 79.4 (C2, C3, C4 and 
C5), 109.6, 110.2 (2xC q , isoprop.). 



25 
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Example 2 

Ethvl 2 , 2- ( 1 , 3-proPvldithio) -2 , 3-rH deoxv-4 , 5 ; 7 . 8-di-O- 
iSQProPvlidene-D-inanno-oetonaf-e f Formula 171 

Ethyl l f 3-dithiane-2-carboxylate (250 mg, 1.3 mmol) was 
5 coevaporated with toluene and dissolved in tetrahydrof uiran 
(2.6 ml) and hexamethylphosphortriamide (0.8 ml). This 
solution was cooled to -70°C, after which a solution of butyl 
lithium (0.81 ml, 1.3 mmol, 1,6 M) in hexane was added drop- 
wise. After stirring for 15 minutes the compound of formula 2 

10 (324 mg, 1 mmol) was added in as little tetrahydrof uran as 
possible. The reaction mixture was then stirred at room 
temperature. After 1.5 hours concentrated sulphuric acid (50p.l) 
and water (18mJ_) were added and heated at 50°C for 2 hours. 
The reaction mixture was taken up in 20 ml dichloro- 

15 methane, washed with an aqueous solution of sodium bicarbonate 
(5 ml, 10%) and water (5 ml) . The organic layer was dried on 
magnesium sulfate and evaporated. The oil was brought on a 
silica gel (6 g) column, suspended in dichloromethane , and the 
column was eluted with acetone/dichloromethane (0/1 to 3/97, 

20 v/v) . The compound of formula 12 was obtained as an oil in a 
yield of 82%. 

13 C{ 1 H}NMR(CDC1 3 ) : 13.9 (CH 3/ Et) , 24.2 (CH 2 , SCH 2 £H2CH 2 S) , 
24.3, 25.1, 26.4, 26.6 (4x CH 3 , isoprop.), 27.5, 27.6 (2xCH 2 , 
SCB2CH2CH2S) , 38.7 (C3) , 51.4 (C2) , 61.7 (CH 2 , Et) , 66^8 (C8) , 
25 70.5, 73.1, 75.9, 76.1 (C4, C5, C6 and C7) , 107.5, 109.0 
(2xC q , isoprop.), 170.4 (CI). 
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Example 3 

EthYl 4.5:7. 8-di-0-isopropvlidenft-3-fteoy v-n (ft) n-mannn-?- 
oetuloiional-.fi ( formula 13) 

The compound of formula 12 (436 mg, 1 mmol) was dissolved 
5 in a mixture of acetonitrile (8 ml) and tetraethylammonium 
bicarbonate (2 ml, 0.25 M). At 0°C N-bromosuccinimide (5 eq., 
0.9 g, M=180) was added. After stirring for 5 minutes the 
reaction mixture was poured into an aqueous mixture of sodium 
bicarbonate and sodium sulphite (10 ml, 1/1, w/w, 10%) . This 

10 mixture was extracted with dichloromethane (20 ml) , washed 

with water (5 ml), dried on magnesium sulfate and evaporated. 
The oil was brought on a silica gel (6 g) column, suspended in 
dichloromethane, and the column was eluted with acetone/ 
dichloromethane (0/1 to 3/97, v/v) . The compound of formula 13 

15 was obtained as an oil in a yield' of 70%. 

1 ^C{ 1 H}NMR (CDC1 3 ): 13.9, 14.0 (2x CH 3 , Et) , 24 - 27 (8x CH 3 , 
isoprop.), 30.9, 32.3 (2x C3) , 61.8, 62.1 (2x CH 2 , Et), 66.7, 
67.0 (2x C8) , 69 - 74 (2x C4, C5, C6 and C7) , 94.3, 95.4 (2x 
C2), 109 - 110 (4x C q , isoprop.), 169.3, 169.5 (2x CI). 

20 

Example 4 

BthvJ. 3-dffnxv-n(S)-D-manno-2-octu3nsonat^ and nth^r for-m^ nf 
SEQ 

Acidolysis (HOAC/H2O) of the isopropylidene groups in the 
25 compound of formula 13 resulted in the title compound. 

By basic hydrolysis (0.1 N NaOH) of this ethyl ester KDO 
was obtained in the form of the free acid, after which an 
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isolation in the form of a crystalline . ammonium salt was 
carried, out: melting point 120-122°C: [a] D 20 +38.7° (c 1, H 2 0) ; 
according to the literature melting point 121-124°C; [a]D 20 
+40,3° (c 1.9, H 2 0) • The 1 H- AND 13 C-n.m.r. data of the ethyl 
5 ester and of the ammonium salt of KDO fully corresponded to 
the proposed structures and were in proper accordance with 
literature data. 

By using instead of ethyl 1, 3-dithiane-2-carboxylate of 
formula 3 the corresponding methyl and benzyl esters as 
10 starting material the methyl and benzyl esters of KDO were 
obtained quite analogously in excellent yield. 

Preparation 5 

EfetfrVl ? f 2-bjL9(^YJ.thi<?)^<?9t^tg (fprmygg l±x R- methyl) 
15 At 0°C and with vigorous stirring 1.29 g (10 mmol) of 

dichloroacetic acid was added to a suspension of 1.9 g (40 
mmol) 50% NaH dispersion in 100 mml tetrahydrofuran (THF) . 
Then 1.86 g (30 mmol) ethanethiol (EtSH) was added slowly to 
the suspension. The resulting thick reaction mixture was 
20 stirred overnight at 25°C. Sufficient water was added to the 
mixture to dissolve the salts, after which the THF was removed 
under reduced pressure. The aqueous phase was extracted with 
2 x 25 ml hexane and was then acidified with 2N HC1. The milky 
mixture was extracted with 4 x 50 ml ethyl acetate (EtOAc) , 
25 the organic layer was dried over anhydrous MgS04, and the 

solvent was evaporated. Thus 1.71 g (95%) bis (ethylthio) acetic 
acid was obtained as a pale yellow liquid. 
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13 C{ 1 H}NMR (CDCI3) : 174.8 (0=0), 49.4 (CH) , 24.6 (S£H2) , 13.6 
(CH 3 ) . 

To a cooled (-10°C) solution of bis (ethylthio) acetic acid 
(7.2 g, 40 mmol) in methanol (30 mi) was added 3.2 ml thionyl 
5 chloride. After stirring for 1 hour the reaction mixture was 
refluxed for 30 minutes and concentrated. The residue was 
coevaporated twice with toluene. Purification by chromato- 
graphy on silica gel with 1 : 2 diethylether-petroleum ether 
40-60 gave the title compound (EtS) 2CHC00Me in a yield of 
10 7.29 g (93%) . 

13 C {lH}NMR (CDCI3): 169.7 (0=0), 52.6 (OMe) , 49.4 (CH) , 24.9 
(CH 2 ) , 13.9 (CH3) . 



Example 5 

15 Methvl 4 , 5 : 7 . 8-di-Q-isopropylidene-3-deo xv-D-manno-octulonate 
diethyl dithioacetal (formu la 15, R= methyl) 

To a cooled (-70°C) solution of methyl 2 , 2-bis (ethylthio) 
acetate (250 mg, 1.3 mmol) in THF (2.6 ml) and hexamethyl- 
phosphortriamide (HMPA, 0.8 ml) was added butyl lithium 

20 (0.81 ml, 1.3 mmol, 1,6 M) in hexane. After stirring for 1 

hour at -40°C, 2,3:5, 6-di-O-isopropylidene-l, 4 cyclic sulfate 
(324 mg, 1 mmol) in 1.5 ml THF was added. After stirring for 
20 hours concentrated sulphuric acid (50jil) and water {18m.1) 
were added and the reaction mixture was stirred for 2 hours at 

25 50°C. The reaction mixture was diluted with EtOAc (20 ml), 
extracted with aq. NaHC03(5 ml) and H2O (2 x 5 ml) , dried 
(MgS04) and concentrated. The residue was chromatographed on 
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silica gel with 1 : 1 ether-petroleum ether 40-60 to give pure 
methyl 4,5:7, 8-di-0-isopropylidene-3-deoxy-D-manno-octulonate 
diethyl dithioacetal (329 mg, 75%) 

[a] D -67.2° (c 1); Rf 0.41 in 97:3 dichloromethane acetone 
5 13 C{ 1 H}NMR (CDCI3) : 170.9 (0=0), 109.2, 107.7 (2x Me 2 C) , 76.2, 
76.0, 73,8, 70.8 (04, C5, C6, C7>, 67.0 (C8), 64.3 <{EtS} 2 C), 
52.7 (OMe), 37.0 (03) , 26.7, 26.5, 26.2, 24.5 (4xMe 2 C), 24.0, 
23.5 (2x CH 2 S), 13.3 (SCH 2 CH 3 ) . 

10 Exfrinple 6 

tfetfrvl fethvl-4 f 5 : 7 f 8-rti-0-isoT3ropvlidene-3-deoxv-2- thio-tt-D- 
Tnanno-2-OCtulQPvranosid)onate (formula 16, R= methyl. Rl+R?=* 
R3+R4= isoprnpvliriftnp^ 

To a solution of methyl 4, 5 :7, 8-di-0-isopropylidene-3- 
15 deoxy-D-manno-octulonate diethyl dithioacetal (438 mg, 1 mmol) 
and molecular sieve 4A (1 g) in 10 ml 1, 2-dichloroethane was 
added 225 mg N-iodosuccinimide (NIS) . After stirring for 20 
minutes at 0°C, TLC analysis (acetone/dichloromethane 3:97) 
showed a full conversion of the compound of formula 15. After 
20 work-up and purification by filtration, dilution with di- 
chloromethane, washing with 10% aqueous sodium thiosulfate and 
water, drying the organic layer (MgS04), concentrating and 
column chromatography (silica gel, Merck, 0.063-0.2 mm, 5 g, 
eluent dichloromethane/acetone 97:3) the title compound 
25 (formula 16, R=methyl, R 1 +R 2 =R 3 +R 4 ^=isopropylidene) was obtained 
(77%), together with 5% of methyl 4, 5 :7, 8-di-O-isopropylidene- 
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2, 6-anhydro-2,3-dideoxy-D-manno-2-octenoate (formula 17, R= 
methyl, R 1 +r2= r3+r4= isopropylidene) . 

iH-NMR (300 MHz, CDCI3) : 3.00 (dd, 1 H, Jsa^e^ 15.3 Hz, H-3e) , 
1.62 (dd, 1 H, H-3a) . 
5 (5Q mh 2 , CDCI3) : 83.5 (C2) , 32.6 (C3) 

Example 7 

tfethYl 4 r 5 ; 7 f 8-di-Q-;Lsopropvlidene-2 . 6-anhvriro-2 , .Vrii^nvyn- 

manno-2-octenpate (formula 17, r- methvi. ri+r2= r3=r*= 
10 isopropylidene) 

To a solution of methyl 4, 5:7, 8-di-0-isopropylidene-3- 
deoxy-D-manno-2-octulonate diethyl dithioacetal (438 mg, 
1 mmol) and molecular sieve 4A (1 g) in 5 ml 1, 2-dichloro- 
ethane was added 938 mg iodonium sym-dicollidine perchlorate 

15 (IDCP) . After stirring for 1.5 hours at 20°C, TLC analysis 
(acetone/ dichloromethane 3:97) showed a full conversion of 
the compound of formula 15 in a single product with Rf 0.52. 
After work-up and purification by filtration, dilution with 
dichloromethane, washing with 10% aqueous sodium thiosulfate 

20 and water, drying the organig layer (MgS0 4 ) , concentrating and 
column chromatography (silica gel, Merck, 0.063-0.2 mm, 5 g, 
eluent dichloromethane/acetone 97:3) the title compound 
(formula 17, R-methyl, RUR 2 =R3 +R 4 =isopropylidene) was obtained 
as a colourless oil (282 mg, 90%, a 20 D +27.9° {c 1, CHCI3}). 

25 iH-NMR (300 MHz , CDCI3) : 6.00 (dd, 1 H, J 3 , 4 = 3.2 Hz, 4 J 3 , 5 = 
1.3 Hz, H-3) . 

13 C-NMR (50 MHz, CDCI3) : 143.6 (C2), 110.3 (C3) 
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Example 9 

Methyl (ethyl-4 , 5 , 7 , 8-tetra-0-benzovl-3-deoxv-2-thio-tt-D- 
manno-2-octiilopyrano5id)onate (form ula 16. R= methvl, Rl-R4= 

benzoyl) 

5 Methyl (ethyl-4, 5 : 7, 8-di-0-isopropylidene-3-deoxy-2-thio- 

a-D-manno-2-octulopyranosid) onate (376 mg, 1 xnmol) was 
dissolved in 4:1 acetic acid-water (10 ml) and stirred for 5 
hours at 50°C. The reaction mixture was concentrated and 
coevaporated with 2 x 10 ml toluene. The residue was dissolved 

10 in 10 ml pyridine and benzoyl chloride (0.94 ml, 2 eq.) was 
added. After stirring for 2 hours aq. NaHCC>3 (1 ml, 10%) was 
added and the reaction mixture was concentrated. The residue 
was dissolved again in dichloromethane, extracted with aq. 
NaHC03, dried (MgS04) and concentrated. The remaining oil was 

15 purified by silica gel chromatography with dichloromethane- 
acetone (97 : 3) to give the title compound (63%) . 
[a] 2 ^D +17.8° (c 1); Rf 0.62 in 97:3 dichloromethane-acetone. 
!H-NMR (CDC1 3 ) : 6.0-5.8 (m, 3 H, H-4, H-5, H-7) , 5.0 (dd, 1 H, 
J5,6 -If J6,7 -9.2, H-6), 4.88 (dd f 1 H, J 7 , 8 a -2.4, J 8a ,8b 

20 -12.3, H-8a) , 4.68 (dd, 1 H, J7,8b -3.8, H-8b) , 2.6 (m, 4 H r 
H-3a, H-3e, SCH 2 ) , 1.03 (t, 3 H, SCH2CH3) . 

13C{lH}NMR (CDCI3) : 168.5 (CI), 85.1 (C2) , 69.1, 68.2, 67,8, 
65.1 (C4, C5, C6, C7), 62.8 (C8), 52.8 (OMe) , 32.3 (C3) , 22.7 
CH 2 S) , 13.4 (SCH2CH3) . 
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Methvl 4 , 5-0-isoi>roDvlidene-7, 8-di-0-ben zovl-2 , 6-anhydro-2, 3- 
dideoxv-D-manno-2-octenoate (formula 17. R= mgthv l, Rl+R2= 
isopropylidene, R3= R4= benzoyl) and methyl A . 5. 7 . 8-tetra-O- 
5 benzovl-2, 6-anhvdro-2, 3-dideoxv-D-manno-2-octenoate (formula 
17, ES methvl, Rl= R2= R3= R4 = benzoyl \ 

a) Methyl 4, 5-0-isopropylidene-2, 6-anhydro-2, 3-dideoxy-D- 
manno-2-octenoate (formula 17, R= methyl, R 1 +R 2 = 
isopropylidene, R 3 = R 4 = H) 

10 314 mg (1 mmol) of the compound methyl A, 5 :7, 8-di-O- 

isopropylidene-2, 6-anhydro-2, 3-dideoxy-D-manno-2-octenoate 
(formula 17, R- methyl, R x +R 2 « R 3 +R 4 = isopropylidene) were 
dissolved in a 4 : 1 mixture of acetic acid-water (10 ml) and 
stirred for 12 hours. The reaction mixture was concentrated 

15 and coevaporated with 2 x 10 ml toluene. The residue was 
purified by silica gel chromatography with 95:5 dichloro- 
methane-methanol (81%) . 

[a] 20 D +44.5° (c 1); Rf 0.59 in 95:5 dichloromethane-methanol . 
13 C{ X H}NMR (CDC1 3 ): 162.1 <C1), 143.6 (C2), 110.9 (Me 2 C) , 110.4 
20 (C3), 76. 0 r 71.0, 70.3, 68.9 (C4, C5, C6, C7) , 63.4 (C8), 52.4 
(OMe) , 28.0, 26. 6 (Me2C) . 

b) Methyl 4, 5-0-isopropylidene-7, 8-di-0-benzoyl-2, 6- 
anhydro-2,3-dideoxy-D-manno-2--octenoate (formula 17, R= 
methyl, R x +R 2 = isopropylidene, R 3 = R 4 = benzoyl) . 

25 The compound obtained under a) (274 mg, 1 mmol) was 

coevaporated and dissolved in 10 ml pyridine. To this solution 
benzoyl chloride (0.3 ml, 1.3 eq.) was added. After 2 hours 1 
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The residue was again dissolved in dichloromethane, extracted 
with aq. NaHCC>3, dried (MgS0 4 ) and concentrated. 
Chromatography on silica gel with 97:3 dichloromethane-acetone 
5 gave the title compound (96%) . 

[o] 20 D -34.5° (c 1); Rf 0.64 in 97:3 dichloromethane-acetone. 
iH-NMR (CDCI3) : 6.03 (dd, 1 H, J 3 , 4 -3.2, J 3 , 5 ~1.3, H-3) , 5.84 
(dq, 1 H, J 6/7 -7.0, J7,8a -2.5, J 7 ,8b ~5.9, H-7) , 5.03 (dd, 1 
H, Jsa,8b -12.3, H-8a) , 4.83 (dd, 1 H, J 3 , 4 -3.2, J 4 ,5 ~6, H-4) , 
10 4.82 (dd, 1 H, H-8b), 4.48 (dt, 1 H, J 5 , 6 -1.3, H-5), 4.41 (dd, 
1 H, H-6), 3.78 (S, 3H, OCH3) . 

J -3C{ 1 H}NMR (CDCI3) : 161.7 (CI), 143.7 (C2) , 111.3 (Me2C) , 110.2 
(C3), 74.3, 70.9, 68.7 (C4, C5, C6, C7) , 62.8 (C8), 52.3 
(OMe), 27.9, 26.4 (Me 2 C) . 
15 c) Methyl 4, 5, 7, 8-tetra-0-benzoyl-2, 6-anhydro-2, 3- 

dideoxy-D-manno-2-octenoate (formula 17, R= methyl, R 1= R 2 = R 3 = 
R 4 = benzoyl) . 

The procedure of a) and b) was now repeated in one 
reaction vessel, with 4:1 acetic acid for 5 hours at 50°C, 

20 followed by benzoyl chloride in pyridine. The yield was 71%. 
[a] 20 D -156.0° (c 1); Rf 0.73 in 97:3 dichloromethane-acetone. 
^H-NMR (CDCI3) : 6.12 (m, 2 H, H-3, H-4), 5.99 (m, 1 H, H-5), 
5.82 (dq, 1 H, J 6 , 7 -9.3, J 7 ,8a -2.5, J 7 ,8b ~4 • 6, H-7), 4.96 
(dd, 1 H, J8a,Bb -12.1, H-8a) , 4.79 (dd, 1 H, H-6), 4.77 (dd, 1 

25 H, H-8b), 3.79 (s, 3 H, OCH 3 ) . 

13 C{ 1 H}NMR (CDCI3) : 160.9 (CI), 144.8 (C2) , 107.5 (C3) , 74.1, 
68.0, 65.4, 61.6 (C4, C5, C6, C7) , 61.5 (C8), 52.5 (COOMe) . 
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Stereoselective alvcosvlation of compounds of formula 17 

To a mixture of phenylselenyl chloride (0.2 mmol, 77 mg) 
and molecular sieve 4A (0.2 g) in 2 ml 1, 2-dichloroethane was 
5 added silver triflate (0.2 mmol, 51 mg) at 0°C. After stirring 
for 30 minutes a solution of 0.1 mmol of a glycal of formula 
17 and 0.12 mmol of 3-benzyloxycarbonylamino-l-propanol in 2 
ml 1, 2-dichloroethane was added. The mixture was stirred for 1 
hour at 0°C, filtered, and the filtrate was washed with aq. 
10 NaHC03, dried (MgS04> and concentrated. The residue was 
purified by chromatography on silica gel. 

In order to selectively remove the phenylselenyl group 
the resulting compound of formula 19, in which R 5 is a 
phenylselenyl group, was treated under reflux for 2 hours with 
15 2 equivalents tributyl stannate (n-Bu3SnH) and a catalytic 
amount of azoisobutyronitrile (AIBN) in toluene (5 ml/mmol) . 
The mixture was concentrated and the residue was 
chromatographed on silica gel. 

The results were as follows. 
20 a) Methyl (N-benzyloxycarbonyl-3-aminopropyl-3-phenyl- 

seleno-4, 5:7, 8-di-0-isopropylidene-3-deoxy-a-D-manno-2-octulo- 
pyranosid) onate of formula 19, R= methyl, R 1 +R 2 = R 3 +R 4 = 
isopropylidene, R 5 = SePh, Z= benzyloxycarbonyl . 

Yield 41%; [a] 20 D +36.8° (c 1); Rf 0.38 in 97:3 dichloro- 
25 methane-acetone . 

"C^HJNMR (CDCI3) : 167.3 (CI), 109.5, 109.3 (Me2C) , 101.4 
(C2), 76.8, 74.1, 73.1, 71.6 (C4, C5, C6, CI), 66.4, 66.3, 
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62.4 <0£H2CH 2f OCjfcPh, C8), 52.4 (OMe) , 49.1 (C3) , 38.9 
<CH 2 NHZ), 28.9 (CH 2 £H 2 CH 2 ) , 27.7, 26.8, 25.8, 25.1 (Me 2 C) . 

b) Methyl (N-benzyloxycarbonyl-3-aminopropyl-4, 5 :7, 8-di- 
0-isopropylidene-3-deoxy-a-D-manno-2-octulopyranosid) onate of 
5 formula 19, R= methyl, R*+r2= r3+r4= i SO propylidene, R 5 = H, Z= 
benzyloxycarbonyl . 

Yield 78%; [a] 2 °D -62.3° (c 1); Rf 0.17 in 97:3 dichloro- 
methane-acetone . 

^C^IDNMR (CDCI3) : 170.3 (CI), 109.3, 109.1 (Me 2 C) , 98.2 <C2) , 

10 73.7, 73.6, 71.1, 69.8 (C4, C5, C6, C7) , 66.7, 66.2, 62.5 

(OCIfcCH^ 0£S2.Ph, C8), 52.4 (OMe) , 38.7 (SlfeNHZ) , 32.4 (C3) , 
29.0 (CH2ffl2CH2), 26,9, 26.2, 25.0, 24.6 (Me 2 C) . 
3-H-NMR (CDCI3) : 2.31 (dd, 1 H, J3a,3e ~15.6, J3e,4 ~3.6, H-3e) , 
1.98 (dd, 1 H, J 3a , 4 -3.8, H-3a) . 

15 c) Methyl (N-benzyloxycarbonyl-3-aminopropyl-3-phenyl- 

seleno-4 , 5-0-isopropylidene-7 , 8-di-0-benzoyl-3-deoxy-ctD-manno- 
2-octulopyranos id) onate of formula 19, R= methyl, R 1 +R 2 = iso- 
propylidene, R 3 = R 4 = benzoyl, R 5 = SePh, Z= benzyloxycarbonyl. 
Yield 43%; [o]20 D +39.3° ( c i) ; Rf o.49 in 97:3 dichloro- 

20 methane-acetone. 

13 C {lH}NMR (CDCI3) : 167.8 (CI), 109.4 (Me 2 C) , 101.5 (C2) , 76.9, 
71.3, 70.7, 70.4 (C4, C5, C6, C7), 66.2, 62.9, 62.6 (OC^CI^, 
OCHiPh, C8), 52.2 (OMe), 49.9 (C3), 39.1 (CH 2 NHZ) , 28.9 
(C^CJkCH^, 27.7, 25.7, (Me 2 C) . 

25 d) Methyl (N-benzyloxycarbonyl-3-aminopropyl-4, 5-0- 

isopropylidene-7 , 8-di-0-benzoyl-3-deoxy-a-D-manno-2- 
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octulopyranosid) onate of formula 19, R= methyl, R 1 +R 2 = 
isopropylidene, R 3 = R 4 = benzoyl, R 5 = H, 2= benzyloxycarbonyl . 

Yield 79%; [a] 20 D -1.5° (c 1); Rf 0.23 in 97:3 dichloro- 
methane-acetone . 

5 13 c {IrJNMR (CDC1 3 ) : 169.3 (CI), 109.3 (Me 2 C) , 98.3 <C2), 71.2, 
70.8, 70.6, 70.0 (C4, C5, C6, CI), 66.1, 63.3, 62.7 (OCIfcCH^, 
OSIfcPh, C8), 38.8 (£H2NHZ), 32.8 (C3), 29.1 (CH 2 £fi 2 CH 2 ) , 26.5, 
24.7 (Me 2 C) . 

ifi-NMR (CDCI3) : 2.25 (dd, 1 H, J3a,3e ~15.1, J3 e ,4 ~4.6, H-3e) , 
10 2.10 (dd, 1 H, J 3a/4 -4.3, H-3a) . 

e) Methyl (N-benzyloxycarbonyl-3-aminopropyl-3-phenyl- 

seleno-4, 5, 7, 8-tetra-0-benzoyl-3-deoxy-a-D-manno-2-octulo- 

pyranos id) onate of formula 19, R= methyl, R 1 = R 2 = R 3 = R 4 = 

benzoyl, R 5 = SePh, Z= benzyloxycarbonyl. 
15 Yield 85%; [a] 2 °D +14.7° (c 1); Rf 0.62 in 97:3 dichloro- 

methane-acetone . 

1 3 C{!H}NMR (CDCI3) : 167.8 (CI), 102.4 (C2>, 68.6, 68.2, 67.3, 
64.9 (C4, C5, C6, C7), 66.5, 62.8, 61.8 (0£«2CH 2 , O^Ph, C8) , 
51.9 (OMe), 47.4 (C3) , 37.9 (CH 2 NHZ) , 28.9 (O^GJfcCH^ . 

20 f) Methyl (N-benzyloxycarbonyl-3-aminopropyl-4, 5, 7, 8- 

tetra-0-benzoyl-3-deoxy-a-D-manno-2-octulopyranosid) onate of 
formula 19, R= methyl, R*= R 2 = R 3 ~ R 4 = benzoyl, R 5 = H, Z= 
benzyloxycarbonyl . 

Yield 80%; [<x] 2 °D -31.4° (c 1); Rf 0.62 in 97:3 dichloro- 

25 methane-acetone. 
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13C{lH}NMR (CDCI3) : 169.4 (CI), 99.2 (C2) , 69.2, 68.4, 67.3, 
65.2 (C4, C5, C6, CI), 66.5, 62.9, 61.7 (0£fl2CH 2r 0£fi 2 ph / C8) , 
51.9 (OMe), 37.9 (£S 2 NHZ) , 32.6 (C3) , 29.1 (CH 2 £22CH 2 ) • 
1H-NMR (CDCI3) : 2.41 (dd, 1 H, J3a,3e ~12.6, J3e,4 -6.0, H-3e) , 
5 2.35 (t, 1 H, H-3a) . 

Example 13- 

Stereoselective alvcosvlation of a compound of formula 16 

To a cooled (0°C) solution of the compound methyl ( ethyl- 
10 4, 5, 7, 8-tetra-0-benzoyl-3-deoxy-2-thio-a-D-manno-2-octulo- 

pyranosid) onate of formula 16, in which R= methyl and R 1 to R 4=s 
benzoyl (142 mg, 0.2 mmol) in 1.5 ml 1, 2-dichloroethane and 
molecular sieve 4A was added Br 2 (1.3 eq., 0.013 ml) . After 10 
minutes at 0°C the reaction mixture was concentrated. The 
15 remaining bromide was added to a mixture of N-benzyloxy- 

carbonyl-3-aminopropanol (50 mg, 1.2 eq.), molecular sieve 4A 
(200 mg) , silver silicate (200 mg) in 2 ml 1,2 dichloromethane 
at -40°C. After stirring for 3 hours at room temperature the 
mixture was filtered and concentrated. The residue was 
20 chromatographed on silica gel with 97:3 dichloromethane- 

acetone to give the compound methyl ( (N-benzyloxycarbonyl-3- 
aminopropyl-4, 5,7, 8-tetra-0-benzoyl-3-deoxy-p-D-manno-2- 
octulopyranosid) onate of formula 20 (60%). 

[a] 20 D -23.1° (c 1); Rf 0.62 in 97:3 dichloromethane-acetone . 
25 ^C^HJNMR (CDCI3) : 168.4 (CI), 99.4 (C2) , 71.5, 68.6, 67.9, 
64.7 (C4, C5, C6, C7) , 66. 4 f 62.9, 62.4 (CH 2 of benzyl, CI of 
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spacer, C8), 52.7 (COOMe) , 38.3 (£fl 2 NHZ) , 32.6 (C3), 29.2 
(CE2QE2CB2) . 

^-H-NMR (CDCI3) : 2.62 (dd, 1 H, J3a,3e -12.5, J 3e ,4 -4.7, H-3e) , 
2.40 (t f 1 H, H-3a) . 

5 

Preparation 6 

frfetfrvl 2r3r5-tri-Q-benzvl-a/B-D-arabinopvranoside f formula 24) 

D-arabinose (1.5 g, 10 nunol) was added to a mixture of 
anhydrous methanol (40 ml) and acetyl chloride (0.71 ml). 

10 After stirring for 12 hr at 20°C the mixture was neutralized 
with sodium methoxide and concentrated. The sirup was 
dissolved in N, N-dimethy If ormamide (30 ml) and sodium hydride 
(1.19 g, 80%, 1.3 equiv.) and benzyl bromide (4.3 ml, 1.3 
equiv.) were added. After 2 hr, methanol (10 ml) was added, 

15 and the mixture was concentrated, redissolved in dichloro- 
methane (100 ml), extracted with water (20 ml) and brine 
(20 ml), dried (MgS04) and evaporated. The residue was 
chromatographed on silica gel [eluent petroleum ether 
( 4 0-60°C) /diethyl ether; 1 : 1] to give the title compound of 

20 formula 24, 

Yield: 3.6 g (83%); Rf 0.75 {A, i.e. petroleum ether 
(40-60°C) /diethyl ether 1/1); [a]20 D +24.7° (c 1, chloroform) 
C27H30O5 calc. C 74.6 H 7.0 
(434.5) found 74.4 6.9 

25 13 C{ 1 H} nmr (CDCI3) : 5 138.3, 138.0, 137.9,. 137.7 <C arom ) , 

129-127 (CH arom ), 107.3 (C-l, a), 101.7 (C-l, (3) , 88.3 (C-2, 
a), 84.5 (C-2, 0) , 83.6 (C-3, a), 83.4 (C-3, p) , 81.0 (C-4) a), 
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80.4 (C-4, p), 73. 3 f 72.6, 72.3, 72.1, 72.0, 71.8, 69.9 (C-5, 
CH 2 Ph, a/P) , 54.8 (OMe) . 



Preparation 7 
5 2.3.5-Tri-O-benzvl -D-arabinitol (formule 25) 

Methyl 2, 3, 5-tri-O-benzyl-a/p-D-arabinopyranoside (3.5 g, 
8 mmol) was dissolved in 4 : 1 acetic acid : water (50 ml) and 
heated under reflux for 24 hr. The mixture was concentrated 
and coevaporated with toluene (3 x 20 ml) . The resulting oil 

10 and sodium borohydride (0.29 g) were dissolved in ethanol 

(40 ml), and the mixture was stirred at room temperature for 
1 hr. The pH was adjusted to 6 by the addition of acetic acid 
and the solution was evaporated to dryness. The residue was 
diluted with dichloromethane (100 ml), washed with water 

15 (20 ml), dried (MgS04) and concentrated. Purification by 

chromatography on silica gel (eluent dichloromethane /methanol 
97 : 3) gave the title compound of formula 25. 
Yield: 3,05 g (90%, based on the compound of formula 24); Rf 
0.52 (B, i.e. dichloromethane/acetone 95/5); [a] 20 D +6.8° (c 1, 

20 chloroform) 

C26H30O5 calc. C 73.9 H 7.2 
(422.5) found 74.1 7.0 

13C{lH} NMR (CDCI3) : 8 137.8, 137.7, 137.6 (C ar om) r 128-126 
(CH arom )r 79.3, 78.1, 70.0 (C-2, C-3, C-4), 73.4, 72.9, 72.4, 
25 70.9, 60.8 (CH 2 Ph, C-l, C-5). 
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Voorbeeld 12 

2r3.5-Tri-Q-benzvl-D-arabinitol 1,4-sulfa at (formule 27) 

To a cooled (-15°C) solution of 2, 3, 5-tri-O-benzyl-D- 
arabinitol (2.95 g, 7 mmol) and triethylamine (3.9 ml, 4 eq.) 
5 in dichloromethane (20 ml) was added thionyl chloride 

(0.76 ml, 1.5 eq.) in dichloromethane (2 ml). After stirring 
for 15 min at -15°C the mixture was diluted with dichloro- 
methane (100 ml), washed with water (20 ml) and brine (20 ml), 
dried (MgSO,*) and evaporated. The residue was filtered through 

10 a pad of silica gel (eluent dichloromethane/acetone (97 : 3) ) . 
The filtrate was evaporated and to a solution of the 
resulting, coloured oil (compound of formula 26) in 
dichloromethane (20 ml) and acetonitrile (20 ml) was added 
water (30 ml), sodium periodate (3 g, 2 eq.) and ruthenium 

15 chloride (10 mg) and the mixture was stirred vigorously for 1 
hr at room temperature. Dichloromethane (100 ml) was added and 
the layers were separated. The organic layer was washed with 
brine (25 ml), dried (MgSO*) and concentrated. The residue was 
filtered through a pad of silica gel (eluent dichloromethane/ 

20 acetone 97 : 3) to afford the title compound of formula 27. 

Yield: 2.84 g (84%); Rf 0.71 (C, i.e. dichloromethane/acetone 
97/3); [a]20 D +26.9° (c 1, chloroform) 
C26H28O7 calc. C 64.5 H 5.8 
(484.6) found 64.6 5.8 

25 13 C{ 1 H} NMR (CDCI3): 5 137.4, 137.1, 136.9 (C ar om) , 129-127 

(CHarom), 80.9, 79.4, 77.8 (C-2, C-3, C-4), 75.2, 73.5, 73.3 
(CH 2 Ph), 67.7, 67.5 (C-l, C-5) . 
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Vnnrhfield 13 

Ethvl 4.5. 7-tri-Q-benzvl-2,3-dideoxv"D-arabino-hePt\ilQn9te 
propylene dithioacetal (formula 34) 

Ethyl 2-carboethoxy-l,3-dithiane (1.3 mmol) was dissolved 
5 in dry tetrahydrof uran (2.6 ml) and hexamethylphosphoramide 
(0.8 ml) . The temperature was lowered to -60°C and n-butyl- 
lithium (0,81 ml, 1.6 M) was added. After stirring for 1.5 hr 
at -40°C 2,3, 5-tri-O-benzyl-D-arabinitol 1,4-sulfaat of 
formula 27 (484 mg, 1 mmol in tetrahydrof uran) was added. The 
10 mixture was allowed to warm to room temperature and stirred 
until TLC-analysis, after 16 hr showed complete conversion of 
the cyclic sulfate. Now sulfuric acid (50 p.1) and water (18 \xl) 
were added and the mixture was stirred for 2 hr at 50°C. The 
mixture was diluted with ethyl acetate, washed with saturated 
15 aqueous sodium bicarbonate (2 x 5' ml) and water (5 ml), dried 
(MgS04) and concentrated. The resulting oil was chromato- 
graphed on silica gel [eluent petroleum ether (40-60°C) /ether 
1 : 1] to give the title compound of formula 34. 
Yield: 357 mg (60%); Rf 0.53 (C) ; [a]20 D +12.8° (c 1, 
20 chloroform) 

C33H40O6S2 calc. C 66.4 H 6.8 

(596.8) found 66.6 6.7 

13c{lH} NMR {CDCI3) : 8 170.5 (C-l) , 138.2, 137.6, 137.2 (Carom) , 
129-127 (CHarom)r 75.7, 75.3 (C-4, C-5) , 73.4, 73.0, 72.7 
25 (CH 2 Ph), 71.2 (C-7), 71.1 (C-6) , 61.7 (£E 2 CH 3 ) , 52.9 (C-2) , 
38.7 (C-3), 27.8, 27.4, 24.6 (SCH 2 CH2CH 2 S) , 13.8 (CH2£H 3 ) . 
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(b) 3,4,6-Tri-0-benzvl-2-deoxv-D-arablnn-hexose bis (met.hvl- 
thio) acetal f formula 36) 

Following the same procedure, but using the compound 
CH 2 (SMe)2 instead of ethyl 2-carboethoxy-l, 3-dithiane, the 
5 title compound was obtained in a yield of 54%; Rf 0.75 (C) ; 
[a]20 D +13.9° ( C i, chloroform) 

C29H36O4S2 calc. C 67.9 H 7.1 

(512.7) found 67.7 7.1 

13c{lH} NMR (CDCI3) : S 138.1, 137.8 (C arom ) , 129-126 (CH arom ) , 
10 76.9, 76.6, 71.0 (C-3, C-4, C-5) , 73.5, 73.3, 73.1 (CH 2 Ph) , 
71.2 (C-6), 51.0 (C-l), 35.3 (C-2), 13.1 (CH3S) . 

(t?) 3,4,6-Tri-Q-bgngvl-2-deoxv-D-arabino-hexonic acid mgt.hvl- 
thio orthoacetal (formula 

15 Following the same procedure as under (a) , but using the 

compound CH(SMe) 3 instead of ethyl 2-carboethoxy-l, 3-dithiane, 
the title compound was obtained in a yield of 60%; Rf 0.77 
(C); [a]20 D +11.3° (c i, chloroform) 

C30H38O4S3 calc. C 64.5 H 6.9 

20 (558.8) found 64.6 6.8 

13c{lH} NMR (CDCI3) : 5 138.3, 137.6, 137.5 (C arom ) , 129-127 
(CH arom ), 77.1, 74.6, 71.7 (C-3, C-4, C-5), 73.5, 72.8, 72.6 
(CH 2 Ph), 71.3 (C-6), 71.0 (C-l), 37.9 (C-2), 13.0 (CH3S) . 
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la) Ethvl 4,5,7-tri-Q-ben2vl~3-deoxv-tt-D-arabinQ-heptulo- 
pvrano3oate (formula 39) 

To a cooled solution (0°C) of the compound ethyl 4,5,7- 
5 tri-O-benzyl-2, 3-dideoxy-D-arabino-heptulonate propylene 

dithioacetal (formula 34; 1 mmol) in a mixture of acetonitrlle 
(8 ml) and aqueous triethylammonium bicarbonate (2 ml, 0.25 M) 
was added N-bromosuccinimide (4 mmol) . After stirring for 
5 min, the solution was poured in an aqueous mixture of sodium 

10 bicarbonate and sodium thiosulfite (50 ml, 1/1, w/w, 10%) and 
diluted with dichloromethane (75 ml) . The organic phase was 
washed with water (15 ml), dried (MgS04) and concentrated. The 
oil thus obtained was purified by silica gel column chromato- 
graphy [eluent petroleum ether (40-60°C) /ether (1 : _1)] to 

15 afford the title compound of formula 39. 

Yield: 435 mg (86%); Rf 0.71 (B) ; [<x]20 D +25.4° (c 1, 

chloroform) 

C30H34O7 calc. C 71.1 H 6.8 

(506.6) found 71.3 6.9 

20 1 H NMR (CDCI3) : 8 7.5-7.0 (m, 15H ar om) * 5.0-4.5 (m, 6H, CH 2 Ph) , 
4.66 (m, 2H, CS2CH3) , 4.04 (m, 2H, H-4, H-6), 3.75 (dd, 1H, 
J6,7~4.6, J 7 ,7'=H/ H-7), 3.66 (dd, 1H, J € ,7'=1.8, H-7 ■ ) , 3.61 

(dd, 1H, J=9.2, 9.8, H-5) , 2.29 (dd, 1H, J 3ef3a =12, J3e,4=5.0, 
H-3e), 2.10 (t, 1H, J3a,4= 12 Hz, H-3a) , 1.31 (t, 3H, CH3CH2) . 

25 

^C^H} NMR (CDCI3) : 5 169,8 (C-l) , 138.4, 138.2 (C a rom> , 
129-127 (CHarom) / 94.8 (C-2) , 78.0, 77,5, 73.0 (C-4, C-5, C-6) , 
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74.9, 73.2, 71.7 (CH 2 Ph) , 68.9 (C-7), 62.4 (£H 2 CH 3 ) , 36.1 <C- 
3), 13.9 (CH 2 £H 3 ) . 

(b) 3,4, 6-Tri-0-benzvl-2-deoxv-ct/B-D-arabino-hexopyranose 
5 (formule 401 

Following the same procedure as under (a) , but using the 
compound 3, 4, 6-tri-0-benzyl-2-deoxy-D-arabino-hexose bis 
(methylthio) acetal (formula 36) instead of ethyl 4,5,7-tri-O- 
benzyl-2,3-dideoxy-D-arabino-heptulonate propylene dithio 
10 acetal, the title compound was obtained in a yield of 84%; Rf 
0.27 (C); m.p. 97-99°C; [a] 20 D +48.9° (c 1, chloroform) 
C27H30O5 calc. C 74.6 H 7.0 

(434.5) found 74.6 7.1 

13 C {lH} NMR (CDCI3) : 8 138.4, 138.3, 137.7 (C arom ) , 129-127 
15 (CH arom ) , 94.0 (C-l, P), 91.9 (C-l', a), 79.1, 77.7, 74.7 (C-3, 
C-4, C-5, P), 78.6, 77.0, 70.6 (C-3, C-4, C-5, a), 74.8, 73.3, 
71.7 (CH 2 Ph), 71.3 (C-6, P) , 69.3 <C-6, a), 37.8 (C-2, P) , 35.5 
(C-2, a) . 

20 (c) 3 , 4 , 6-Tr i-O-benzvl -2-deoxv-n-arabino-hexono-l . S-laettone 
( formula 41) 

Following the same procedure as under (a) , but using the 
compound 3, 4 , 6-tri-O- benzyl-2-deoxy-D-arabino-hexonic acid 
methylthio orthoacetal (formula 38) instead of ethyl 4,5,7- 
25 tri-0-benzyl-2,3-dideoxy-D-arabino-heptulonate propylene 

dithio acetal, the title compound was obtained in a yield of 
83%; Rf 0.85 (C) ; m.p. 82-83°C; [a] 2 °D +44.0°. (c 1, ethanol) 
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C27H28O5 calc. C 75.0 H 6.5 

(432.5) found 75.0 6.5 

!H NMR (CDCI3) : 5 7.5-7.0 (m, 15H ar om) , 4.7-4.4 (m, 6H, CH 2 Ph) , 
4.3 (dt, 1H, J 4 ,s= 7.3 Hz, J 5 , 6 = J5,6'= 4 Hz, H-5) , 3.95 (q, 1H, 
5 J2a,3= J2e,3= ^3,4= 4.5 Hz, H-3) , 3.88 (ddd, 1H, J 2 a,4= 0.6 Hz, 
H-4), 3.73 (dd, 1H, J6,S< = 11.3 Hz, H-6), 3.70 (dd, 1H, H-6'), 
2.85 (dd, 1H, J2a,2e= 16.4 Hz, H-2e) , 2.75 (ddd, 1H, H-2a) . 

"C^H} NMR (CDCI3) : 5 169.2 (C-l) , 137.2 (C ar om) / 129-127 
10 (CH arom ), 79.2, 75.0, 74.6 (C-3, C-4, C-5), 73.4, 72.7, 71.0 
(CH 2 Ph), 68.7 (C-6), 33.6 (C-2) . 
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CLAIMS 



1. A 1,4 cyclic sulfate of a sugar alcohol having protected 
hydroxy groups, 

2. A 1,4 cyclic sulfate according to claim 1, which is a 1,4 
cyclic sulfate of a hexitol having protected 2-, 3-, 5- and 6- 

5 hydroxy groups, or a 1,4 cyclic sulfate of a pentitol having 
protected 2-, 3- and 5-hydroxy groups. 

3. A 1,4 cyclic sulfate according to claim 1, which is a 1,4 
cyclic sulfate of a D-mannitol having protected 2-, 3-, 5- and 
6-hydroxy groups, or a 1,4 cyclic sulfate of a D-arabinitol 

10 having protected 2-, 3- and 5-hydroxy groups. 

4. A 1,4 cyclic sulfate according to claim 1, which is the 
1,4 cyclic sulfate of 2, 3 :5, 6-di-O-isopropylidene-D-mannitol 
of formula 2 . 

5. A 1,4 cyclic sulfate according to claim 1, which is the 
15 1,4 cyclic sulfate of 2 , 3, 5-tri-O-benzyl-D-arabinitol of 

formula 27 . 

6. A process for preparing a 1,4 cyclic sulfate of a sugar 
alcohol having protected hydroxy groups, in which a sugar 
alcohol having free 1- and 4-hydroxy groups, its remaining 

20 hydroxy groups being protected, is reacted with thionyl 

chloride in the presence of an acid binding agent and the 
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resulting 1,4 cyclic sulfite is oxidized to the corresponding 
1,4 cyclic sulfate. 

7. A process for preparing a 1,4 cyclic sulfate of a hexitol 
having protected 2-, 3-, 5- and 6-hydroxy groups, or a 1,4 

5 cyclic sulfate of a pentitol having protected 2-, 3- and 5- 
hydroxy groups, in which a hexitol, the 2-, 3-, 5- and 6- 
hydroxy groups of which are protected, or a pentitol, the 2-, 
3-, and 5-hydroxy groups of which are protected, is reacted 
with thionyl chloride in the presence of an acid binding agent 
10 and the resulting 1,4 cyclic sulfite is oxidized to the 
corresponding 1,4 cyclic sulfate. 

8. A process for preparing a 1,4 cyclic sulfate of a D- 
mannitol having protected 2- r 3-, 5- and 6-hydroxy groups, or 
a 1,4 cyclic sulfate of a D-arabinitol having protected 2-, 3- 

15 and 5-hydroxy groups, in which a D-mannitol, the 2-, 3-, 5- 
and 6-hydroxy groups of which are protected, or a D- 
arabinitol, the 2-, 3-, and 5-hydroxy groups of which are 
protected, is reacted with thionyl chloride in the presence of 
an acid binding agent and the resulting 1,4 cyclic sulfite is 

20 oxidized to the corresponding 1,4 cyclic sulfate. 

9. A process for preparing 1,4 cyclic sulfate of 2,3:5, 6-di- 
O-isopropylidene-D-mannitol of formula 2, in which 2,3:5, 6-di- 
O-isopropylidene-D-mannitol is reacted with thionyl chloride 
in the presence of an acid binding agent and the resulting 1,4 

25 cyclic sulfite is oxidized to the corresponding 1,4 cyclic 
sulfate. 
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10. A process for preparing 1,4 cyclic sulfate of 2,3,5-tri- 
O-benzyl-D-arabinitol of formula 27, in which 2,3,5-tri-O- 
benzyl-D-arabinitol is reacted with thionyl chloride in the 
presence of an acid binding agent and the resulting 1,4 cyclic 

5 sulfite is oxidized to the corresponding 1,4 cyclic sulfate, 

11. A process for preparing a 3-deoxy-2-octulosonic acid 
compound or a 3-deoxy-2-heptulosonic acid compound having 
protected or unprotected hydroxy groups, or a salt or ester 
thereof, which comprises reacting either a 1,4 cyclic sulfate 

10 of a hexitol having protected 2-, 3-, 5- and 6-hydroxy groups 
or a 1,4 cyclic sulfate of a pentitol having protected 2-, 3- 
and 5-hydroxy groups, with the anion of a dithioacetal 
compound of a glyoxylic acid ester, hydrolysing the sulfate 
group, removing the dithioacetal group, optionally removing 

15 the hydroxy protecting groups and optionally converting the 

resulting ester into the free acid, a salt or another ester of 
the 3-deoxy-2-octulosonic acid or 3-deoxy-2-heptulosonic acid 
compound. 

12. A process for preparing a 3-deoxy-D-manno-2-octulosonic 
20 acid compound of formula 1 having protected or unprotected 

hydroxy groups, or a salt or ester thereof, which comprises 
reacting a 1,4 cyclic sulfate of a D-mannitol having protected 
2-, 3-, 5- and 6-hydroxy groups with the anion of a 
dithioacetal compound of a glyoxylic acid ester, hydrolysing 
25 the sulfate group, removing the dithioacetal group, optionally 
removing the hydroxy protecting groups and optionally, 
converting the resulting ester into the free acid, a salt or 
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another ester of the 3-deoxy-D-manno-2-octulosonic acid 
compound. 

13. A process according to claim 12, in which l f 4 cyclic 
sulfate of 2, 3:5, 6-di-O-isopropylidene-D-mannitol of formula 2 

5 is used as the 1,4 cyclic sulfate of a D-mannitol having 
protected 2-, 3-, 5- and 6-hydroxy groups. 

14 . A process for preparing a 3-deoxy-D-arabino-2-heptulo- 
sonic acid compound of formula 39 having protected or 
unprotected hydroxy groups, or a salt or ester thereof, which 

10 comprises reacting a 1,4 cyclic sulfate of a D-arabinitol 

having protected 2-, 3- and 5-hydroxy groups with the anion of 
a dithioacetal compound of a glyoxylic acid ester, hydrblysing 
the sulfate group, removing the dithioacetal group, optionally 
removing the hydroxy protecting groups and optionally 

15 converting the resulting ester into the free acid, a salt or 
another ester of the 3-deoxy-D-arabino-2-heptulosonic acid 
compound. 

15. A process according to claim 14, in which 1,4 cyclic 
sulfate of 2, 3, 5-tri-O-benzyl-D-arabinitol of formula 27 is 

20 used as the 1,4 cyclic sulfate of a D-arabinitol having 
protected 2-, 3- and 5-hydroxy groups. 

16. A process according to any of claims 11-15, in which an 
anion of a dithioacetal compound of a {C1-C4) alkyl or benzyl 
ester of glyoxylic acid is used as the anion of a dithioacetal 

25 compound of a glyoxylic acid ester. 
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17. A process according to any of claims 11-15, in which an 
anion of a. 1, 3-dithiane-2-carboxylic acid ester is used as the 
anion of a dithioacetal compound of a glyoxylic acid ester.. 

18. A process according to claim 17 f in which the anion of 
5 ethyl 1, 3-dithiane-2-carboxylate of formula 3 is used as the 

anion of a dithioacetal compound of a glyoxylic acid ester. 

19. A process for preparing a 3~deoxy-2-thio-2-octulosonic 
acid derivative or a 3-deoxy-2-thio-2-heptulosonic acid 
derivative, or a salt or ester thereof, in which derivative 

10 the hydroxy group attached to the carbon atom at position 2 is 
replaced by a thio group -SR 6 , wherein R 6 is an alkyl group 
having 1-6 carbon atoms, a phenyl group or a benzyl group, in 
which process either a 1,4 cyclic sulfate of a D-hexitol 
having protected 2-, 3-, 5- and 6-hydroxy groups or a 1,4 

15 cyclic sulfate of a D-pentitol having protected 2- r 3- and 5- 
hydroxy groups, is reacted with the anion of a glyoxylic acid 
ester dithioacetal compound of formula 21, in. which R is an 
ester group and R 6 an alkyl group having 1-6 carbon at cms, a 
phenyl group or a benzyl group, to form, after hydrolysis of 

20 the sulfate group, either a 3-deoxy-octulonate dithioacetal 
compound having protected 4-, 5-, 7- and 8-hydroxy groups, or a 
3-deoxy-heptulonate dithioacetal compound having protected 4-, 
5- and 7 -hydroxy groups, which compound is cyclized using 
iodonium ions to form a 3-deoxy-2-thio-2-octulosonic acid 

25 ester having protected hydroxy groups or a 3-deoxy-2-thio-2- 
heptulosonic acid ester having protected hydroxy groups, 
optionally removing the hydroxy protecting groups or replacing 
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them by other hydroxy protecting groups and optionally 
converting the resulting ester into the free acid, a salt or 
another ester. 

20. A process for preparing a 3-deoxy-D-manno-2-octulosonic 
5 acid derivative of formula 23, or a salt or ester thereof, in 

which R is a hydrogen atom, an ester group or a cation, R x -R 4 
independently of each other stand for hydrogen atoms or 
hydroxy protecting groups and R 6 is an alkyl group having 1-6 
carbon atoms, a phenyl group or a benzyl group, in which a 1,4 

10 cyclic sulfate of a D-mannitol having protected 2-, 3-, 5- and 
6-hydroxy groups is reacted with the anion of a glyoxylic acid 
ester dithioacetal compound of formula 21, in which R is an 
ester group and R 6 an alkyl group having. 1-6 carbon atoms, a 
phenyl group or a benzyl group, to form, after hydrolysis of 

15 the sulfate group, a compound of ^formula 22, in which R and R 6 
have the above meanings and r!-R 4 are hydroxy protecting 
groups, which compound of formula 22 is cyclized using 
iodonium ions to form a compound of formula 23, optionally 
removing the hydroxy protecting groups or replacing them by 

20 other hydroxy protecting groups and optionally converting the 
resulting ester into the free acid, a salt or another ester. 

21. A process according to claim 20, in which 1,4 cyclic 
sulfate of 2, 3 : 5, 6-di-O-isopropylidene-D-mannitol of formula 2 
is reacted with a glyoxylic acid ester dithioacetal compound 

25 of formula 14, in which R is an ester group, to form a 
compound of formula 15 which is cyclized by means of 
N-iodosuccinimide to a compound of formula 16, in which R x +R 2 
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and R 3 +R 4 are hydroxy protecting isopropylidene groups and R is 
an ester group, optionally removing the hydroxy protecting 
groups or replacing them by other hydroxy protecting groups 
and optionally converting the resulting ester into the free 
5 acid, a salt or another ester. 

22. A process for preparing a 2, 6-anhydro-2, 3-dideoxy-2- 
octenoate compound or a 2, 6-anhydro-2, 3-dideoxy-2-heptenoate 
compound, or a salt or ester thereof, in which process either 
a 1,4 cyclic sulfate of a D-hexitol having protected 2-, 3-, 

10 5- and 6-hydroxy groups or a 1,4 cyclic sulfate of a D- 
pentitol having protected 2-, 3- and 5-hydroxy groups, is 
reacted with the anion of a glyoxylic acid ester dithioacetal 
compound of formula 21, in which R is an ester group and R 6 is 
an alkyl group having 1-6 carbon atoms, a phenyl group or a 

15 benzyl group, to form, after hydrolysis of the sulfate group, 
either a 3-deoxy-octulonate dithioacetal compound having 
protected 4-, 5-, 7- and 8-hydroxy groups, or a 3-deoxy- 
heptulonate dithioacetal compound having protected 4-, 5- and 
7-hydroxy groups, which compound is cyclized using iodonium 

20 ions to form a 2, 6-anhydro-2^ 3-dideoxy-2-octenoate ester 

having protected hydroxy groups or a 2, 6-anhydro-2, 3-dideoxy- 
2-heptenoate ester having protected hydroxy groups, optionally 
removing the hydroxy protecting groups or replacing them by 
other hydroxy protecting groups and optionally converting the 

25 resulting ester into the free acid, a salt or another ester. 
23. A process for preparing a 2, 6-anhydro-2, 3-dideoxy-D- 
manno-2-octenoic acid compound of formula 17, or a salt or 
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ester thereof , in which R is a hydrogen atom, an ester group 
or a cation and R x -R 4 independently of each other stand for 
hydrogen atoms or hydroxy protecting groups, in which a 1,4 
cyclic sulfate of a D-mannitol having protected 2-, 3-, 5- and 
5 6-hydroxy groups is reacted with the anion of a glyoxylic acid 
ester dithioacetal compound of formula 21, in which R is an 
ester group and R 6 is an alkyl group having 1-6 carbon atoms, 
a phenyl group or a benzyl group, to form, after hydrolysis of 
the sulfate group, a compound of formula 22, in which R and R 6 

10 have the above meanings and R x -R 4 are hydroxy protecting 
groups, which compound of formula 22 is cyclized using 
iodonium ions to form a compound of formula 17, optionally 
removing the hydroxy protecting groups or replacing them by 
other hydroxy protecting groups and optionally converting the 

15 resulting ester into the free acid, a salt or another ester. 
24. A process according to claim 23, in which 1,4 cyclic 
sulfate of 2, 3:5, 6-di-O-isopropylidene-D-mannitol of formula 2 
is reacted with a glyoxylic acid ester dithioacetal compound 
of formula 14, in which R is an ester group, to form a 

20 compound of formula 15 which is cyclized by means of iodonium 
sym-dicollidine perchlorate to a compound of formula 17, in 
which R x +r2 and R 3 +R 4 are hydroxy protecting isopropylidene 
groups and R is an ester group, optionally removing the 
hydroxy protecting groups or replacing them by other hydroxy 

25 protecting groups and optionally converting the resulting 
ester into the free acid, a salt or another ester. 
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25. A process for preparing a 2-deoxy-heptopyranose compound 
or a 2-deoxy-hexopyranose compound, which process comprises 
reacting either a 1/4 cyclic sulfate of a D-bexitol having 
protected 2-, 3-, 5- and 6-hydroxy groups or a 1 # 4 cyclic 

5 sulfate of a D-pentitol having protected 2-, 3- and 5-hydroxy 
groups, with the anion of a bis (hydrocarbylthio) methane 
compound, in which the hydrocarbyl group is an alkyl group 
having 1-6 carbon atoms, a phenyl group or a benzyl group, to 
form, after hydrolysis of the sulfate group, either a 2-deoxy- 

10 heptose bis (hydrocarbylthio) acetal compound, having protected 
3-, 4-, 6- and 7-hydroxy groups, or a 2-deoxy-hexose bis (hydro- 
carbylthio) acetal compound having protected 3-, 4- and 6- 
hydroxy groups, followed by removal of the dithioacetal group 
to form a 2-deoxy-heptopyranose compound having protected 3- 

15 ,4-, 6- and 7-hydroxy groups or a *2-deoxy-hexopyranose compound 
having protected 3-, 4- and 6-hydroxy groups, and optionally 
removing the hydroxy protecting groups or replacing them by 
other hydroxy protecting groups . 

26. A process for preparing a 2-deoxy-a/{HD-arabino- 

20 hexopyranose compound, which process comprises reacting a 1,4 
cyclic sulfate of a D-arabinitol having protected 2-, 3- and 
5-hydroxy groups, with the anion of a bis (hydrocarbylthio) 
methane compound, in which the hydrocarbyl group is an alkyl 
group having 1-6 carbon atoms, a phenyl group or a benzyl 

25 group, to form, after hydrolysis of the sulfate group, a 2- 
deoxy-D-arabino-hexose bis (hydrocarbylthio) acetal compound 
having protected 3-, 4- and 6-hydroxy groups, followed by 
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removal of the dithioacetal group to form a 2-deoxy-a/p-D- 
arabino-hexopyranose compound having protected 3-, 4- and 6- 
hydroxy groups, and optionally removing the hydroxy protecting 
groups or replacing them by other hydroxy protecting groups. 
5 27. A process for preparing a 2-deoxy-a/p-D-arabino- 

hexopyranose compound, which process comprises reacting 1,4" 
cyclic sulfate of 2, 3, 5-tri-O-benzyl-D-arabinitol of formula 
27 with the anion of bis (methylthio) methane to form, after 
hydrolysis of the sulfate group, 3, 4, 6-tri-0-benzyl-2-deoxy-D- 

10 arabino-hexose bis (methylthio) acetal of formula 36, followed 
by removal of the dithioacetal group to form 3,4,6-tri-O- 
benzyl-2-deoxy-a/p-D-arabino-hexopyranose of formula 40, and 
optionally removing the hydroxy protecting groups or replacing 
them by other hydroxy protecting groups. 

15 28. A process for preparing a 2-deoxy-heptono-l, 5-lactone 
compound or a 2-deoxy-hexono-l, 5-lactone compound, which 
process comprises reacting either a 1,4 cyclic sulfate of a D- 
hexitol having protected 2-, 3- f 5- and 6-hydroxy groups or a 
1,4 cyclic sulfate of a D-pentitol having protected 2-, 3- and 

20 5-hydroxy groups, with the anion of a tris (hydrocarbylthio) 
methane compound, in which the hydrocarbyl group is an alkyl 
group having 1-6 carbon atoms, a phenyl group or a benzyl 
group, to form, after hydrolysis of the sulfate group, either 
a 2-deoxy-heptonic acid hydrocarbylthio orthoacetal compound 

25 having protected 3-, 4-, 6- and 7-hydroxy groups, or a 2-deoxy- 
hexonic acid hydrocarbylthio orthoacetal compound having 
protected 3-, 4- and 6-hydroxy groups, followed by removal of 
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the dithioacetal group to form a 2-deoxy-heptono-l, 5-lactone 
compound having protected 3-/ 4-, 6- and 7-hydroxy groups or a 

2- deoxy-hexono-l, 5-lactone compound having protected 3-, 4- 
and 6-hydroxy groups, and optionally removing the hydroxy 

5 protecting groups or replacing them by other hydroxy 
protecting groups. 

29. A process for preparing a 2-deoxy-D-arabino-hexono-l, 5- 
lactone compound, which process comprises reacting a l f 4 
cyclic sulfate of a D-arabinitol having protected 2-, 3- and 

10 5-hydroxy groups, with the anion of a tris (hydrocarbylthio) 
methane compound, in which the hydrocarbyl group is an alkyl 
group having 1-6 carbon atoms, a phenyl group or a benzyl 
group, to form, after hydrolysis of the sulfate group, a 2- 
deoxy-D-arabino-hexonic acid hydrocarbylthio orthoacetal 

15 compound having protected 3-, 4- and 6-hydroxy groups, 

followed by removal of the dithioacetal group to form a 2- 
deoxy-D-arabino-hexono-1, 5-lactone compound having protected 

3- , 4- and 6-hydroxy groups, and optionally removing the 
hydroxy protecting groups or replacing them by other hydroxy 

20 protecting groups. 

30. A process for preparing a 2-deoxy-D-arabino-hexono-l, 5- 
lactone compound, which process comprises reacting 1,4 cyclic 
sulfate of 2,3,5-tri-O-benzyl-D-arabinitol of formula 27 with 
the anion of tris (methylthio) methane to form, after 

25 hydrolysis of the sulfate group, 3, 4, 6-tri-0-benzyl-2-deoxy-D- 
arabino-hexonic acid methylthio orthoacetal of formula 38, 
followed by removal of the dithioacetal group to form 3,4,6- 
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tri-O-benzyl-2-deoxy-D-arabino-hexono-l, 5-lactone of formula 
41, and optionally removing the hydroxy protecting groups or 
replacing them by other hydroxy protecting groups. 

31. A 3-deoxy-octulonate dithioacetal compound having 
5 protected 4-, 5-, 7- and 8-hydroxy groups. 

32. A 3-deoxy-heptulonate dithioacetal compound having 
protected 4-, 5- and 7-hydroxy groups. 

33. A compound of formula 22, in which R is an ester group, 
R 1- R 4 stand for hydroxy protecting groups and R 6 is an alkyl 

10 group having 1-6 carbon atoms, a phenyl group or a benzyl 
group . 

34. A compound of formula 15, in which R is an ester group, 
such as methyl or ethyl. 

35. A compound of formula 12, in which R is an ester group, 
15 such as methyl or ethyl. 

36. A compound of formula 34, and corresponding compounds in 
which the ethyl ester group is replaced by a different ester 
group . 

37. A compound of formula 36, and corresponding compounds in 
20 which one or more of the methylthio groups are replaced by a 

C2-6 alkylthio, a phenylthio or a benzylthio group. 

38. A compound of formula 38, and corresponding compounds in 
which one or more of the methylthio groups are replaced by a 
C2-6 alkylthio, a phenylthio or a benzylthio group. 



25 
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